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EXECUTIVE  SUMMARY 


Steps  are  described  for  converting  the  Navy’s  Mobile  Utilities  System  Equipment 
(MUSE)  diesel  generators  to  dual  fuel  (natural  gas  plus  diesel  fuel)  operation  to  reduce  their  NOx 
(nitrogen  oxide)  emissions.  The  Navy  maintains  a  fleet  of  60  such  units,  powered  by  EMD  645 
engines,  that  range  in  size  from  1500  kW  to  2,500  kW.  As  the  current  MUSE  diesel  units  meet 
few  existing  local  NOx  emission  regulations,  newer  more-restrictive  regulations  (a  trend  now 
ensured  with  the  proposed  further  tightening  of  the  National  Ambient  Air  Quality  Standards) 
will  ensure  that  the  areas  accessible  to  MUSE  diesel  generators  will  continue  to  decrease. 
Therefore  a  means  for  providing  low-NOx  MUSE  generators  that  will  not  compromise  the 
operational  capability  of  the  fleet  is  required. 

This  guide  is  based  upon  the  experience  gained  from  converting  to  dual  fuel  operation  a  1500 
kW  MUSE  unit  that  is  now  installed  and  operating  at  the  King’s  Bay  Naval  Station  in  Georgia. 
Information  on  the  conversion  process,  operation,  maintenance  and  the  cost  of  the  dual  fuel 
conversion  are  provided. 

NOx  emission  reductions  of  70  percent  were  demonstrated  with  this  unit;  NOx  reductions  of 
greater  than  90.  per  cent  are  achievable  using  an  additional  secondary  ignition  cell.  Capital 
requirements  for  the  retro-fit  dual  fuel  conversion  of  a  2500  kW  MUSE  engine  generator  are 
shovra  to  be  $158.  per  kilowatt  (including  the  secondary  ignition  cells).  This  is  compared  to  the 
cost  of  replacing  this  same  MUSE  unit  with  a  new  spark-ignited,  low-NOx,  natural  gas  engine. 
The  cost  for  the  latter  is  $560.  per  kilowat.  For  a  2500  kW  MUSE  unit,  these  numbers  translate 
into  a  capital  savings  of  over  $1.0  million  if  the  option  of  retro-fitting  for  dual  fuel  operation  is 
chosen.  Operating  costs  for  dual  fuel  (natural  gas)  operation  of  MUSE  generating  sets  are  also 
substantially  reduced  over  that  of  unmodified  diesel  operation.  For  the  case  evaluated,  the  cost 
for  natural  gas  firing  is  4.1  cents  per  kW-hr  while  that  for  diesel  firing  is  8.9  cents  kW-hr. 

A  further  major  operational  (strategic)  advantage  of  the  retro-fit  dual  fuel  unit  over  that  of  a 
new,  spark-ignited,  natural  gas  engine  is  that  it  can  be  made  to  operate  as  either  a  full  diesel  or  a 
full  natural  gas  unit. 
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1.0  INTRODUCTION 


This  user  data  package  describes  steps  in  the  conversion  of  the  Navy’s  Mobile  Utilities 
System  Equipment  (MUSE)  transportable  diesel  generator  sets  from  diesel  to  dual  fuel  (natural 
gas  plus  diesel  fuel)  operation.  These  diesel  generator  sets  are  part  of  a  fleet  of  60  such  units 
maintained  by  the  Navy’s  MUSE  detachment  for  deployment  to  Navy,  other  military,  and 
sometimes  civilian  uses  throughout  the  world  (Ref  1-1).  The  units  range  in  size  from  750  to 
2,500  kW  and  are  powered,  largely,  by  EMD  645  engines  manufactured  by  the  ElectroMotive 
Division  of  the  General  Motors  Corporation.  The  engines  are  medium-speed  (750  or  900  RPM), 
have  8  to  20  cylinders  with  cylinder  displacements  of  645  cubic  inches,  and  use  a  2-stroke 
operational  cycle.  This  guide  is  based  on  the  experience  gained  from  converting  to  dual  fuel 
operation  a  1,500-kW  MUSE  unit  that  is  now  installed  and  operating  at  the  King’s  Bay  Naval 
Station  in  Georgia  (Fig.  1-1).  The  technology  used  for  this  conversion  was  provided  by  ECI  Inc., 
Tacoma,  Washington.  MUSE  personnel,  assisted  by  ECI  technicians,  installed  the  required 
engine  modification  hardware  and  the  electrical  and  engine  skid  modifications. 

1.1  Environmental  Compliance  and  Navy  Need 

Of  the  Navy’s  many  diesel  engines,  those  installed  in  its  MUSE  generating  equipment  for 
temporary  (<4  years)  stationary  electrical  power  were  the  first  off-road  Navy  engines  to  be 
affected  by  environmentally-mandated  nitrogen  oxide  (NOJ  emission  regulations.  As  MUSE 
units  are  transportable  but  are  typically  employed  at  a  given  site  for  periods  exceeding  that 
normally  used  to  define  ‘temporary  power’  (temporary  power  is  often  defined  as  service  not 
exceeding  one  year),  they  must  comply  with  air  pollution  regulations  that  apply  to  stationary 
power  generating  equipment.  But  regulatory  emission  standards  for  stationary  power  umts  are 
highly  variable  as  they  both  depend  upon  the  degree  of  nonattainment  in  the  surrounding  air 
control  region  and  upon  the  air  control  district  in  which  the  region  is  located.  Therefore  MUSE 
units  must  have  a  capability  for  meeting  these  variable  standards  as  the  umts  are  moved  from  one 
location  to  another.  Such  regulations  can  vary  from  none  to  those  applicable  in  the  South  Coast 
Air  Quality  Management  District  (SCAQMD)  of  California,  where  emission  limits  are  <1.0 
gram/horsepower-hour  (gm/HpH).  As  NO^  emissions  from  current  MUSE  umts  range  anywhere 
from  12  to  16  gm/HpH,  attempts  to  operate  them  in  areas  in  which  they  do  not  comply  with 
emission  regulations  could  result  in  the  imposition  of  heavy  fines  and  as  well  as  ordered  shut¬ 
down  by  civilian  authorities.  Therefore  a  means  for  reducing  NO„  emissions  from  them  is 
required. 

The  following  factors  and  criteria  were  determined  to  be  important  in  evaluating 
approaches  for  reducing  NO„  emissions  from  MUSE  diesel  generator  sets:  (a)  most  MUSE 
engine  generator  units  are  driven  by  an  EMD  645  engine,  (b)  when  burning  diesel  fuel,  these 
EMD  engines  do  not  meet  the  emission  requirements  in  many  areas  of  the  country  where  the 
Navy  operates,  (c)  although  transportable,  MUSE  units  must  comply  with  emission  regulations 
that  apply  to  stationary  devices  because  of  their  extended  time  on  site,  (d)the  required 
transportability  of  the  MUSE  units  limits  the  types  of  NO,,  emission  control  technology  that  can 


1-1 


be  used  with  them,  (e)  the  large  number  of  MUSE  units  in  inventory  and  the  cost  of  their 
replacement  requires  that  a  retrofit  rather  than  a  replacement  technology  be  acquired  for  reducing 
NOx  emissions,  (f)  a  capability  for  firing  diesel  fuel  must  be  maintained  to  meet  the  Navy’s 
operational  commitments,  (g)  full  generator  power  capability  must  be  maintained,  (h)  reliability 
equal  to  or  better  than  that  for  the  diesel-only  configuration  is  needed,  (i)  the  technology  selected 
must  be  within  the  technical  expertise  of  MUSE  and  onsite  personnel  who  will  be  required  to 
operate  and  maintain  the  modified  units,  and  (j)  operational  costs  must  not  escalate  appreciably 
beyond  those  incurred  when  the  MUSE  unit  is  operating  as  a  diesel-only  engine. 

1.2  Selection  of  NO^  Control  Technology 

Two  general  approaches  can  be  used  for  reducing  NO,^  emissions  from  diesel  engines: 
(a)  modification  of  the  engine  combustion  process  so  that  fewer  NO„  species  (nitric  oxide,  NO, 
and  nitrogen  dioxide,  NO2)  are  generated,  and/or  (b)  treatment  of  the  exhaust  gases  to  destroy  the 
NOx  species  generated  to  prevent  their  emission  into  the  atmosphere.  Of  the  many  variations  of 
these  approaches  that  have  been  investigated,  two  were  considered  for  application  to  MUSE 
diesel  generator  sets:  (a)  conversion  of  the  engine  to  dual  fuel  operation,  and  (b)  the  use  of 
selective  catalytic  reduction  (SCR)  for  treatment  of  the  engine  exhaust  stream.  Although  SCR 
offers  the  advantage  of  bringing  the  MUSE  engine  generators  into  immediate  full  compliance 
with  the  most  restrictive  of  NO^  emission  regulations,  its  application  would  add  sigmficant  cost, 
complexity,  and  size  (requiring  that  an  additional  module  be  transported)  to  the  transportable 
MUSE  engine  generator  set,  and  would  also  introduce  ammonia  (NH3,  a  hazardous  chemical)  at 
the  operating  site.  NH3,  which  is  used  as  the  chemical  reductant  for  NO,,,  is  not  only  a  hazardous 
chemical,  but,  itself,  presents  a  threat  to  the  environment.  Therefore  the  SCR  process  using  NH3 
as  the  reductant  was  not  considered  to  be  a  practical  solution  for  reducing  NO„  emissions  from 
MUSE  diesel  generator  sets. 

The  recommended  application  of  dual-fuel  technology  (or  alternative  fuel)  is  based  upon 
a  retrofit  conversion  kit  designed,  specifically,  for  the  EMD  645  engine  by  Energy  Conversions, 
Incorporated,  Tacoma,  WA.  The  performance,  reliability,  and  emissions  reduction  of  that 
conversion  technology  have  been  demonstrated  in  a  single  application  on  two  tandem 
locomotives  used  for  coal  line-haul  operations  on  the  Burlington  and  Northern  Railway  between 
Montana  and  Wisconsin  (Ref  1-2).  Liquefied  natural  gas  (LNG)  from  a  separate  LNG  fuel  car 
was  used  to  fuel  the  tandem  locomotives,  and  NO„  reductions  of  nearly  70  percent  (to  4.0  from 
the  12.0  gms./Hph  produced  when  burning  diesel  fuel)  were  achieved.  Because  of  these 
demonstrated  results,  because  no  other  competing  technology  could  make  similar  claims  with  the 
EMD  645  engine,  and  because  this  technology  satisfied  the  criteria  for  selection  of  a  MUSE  NO^ 
reduction  technology  (discussed  above),  it  was  selected  for  installation  and  testing  on  a  1,500  kW 
MUSE  diesel  generator  set. 

1.3  Installation  and  Testing  of  Prototype  Dual  Fuel  MUSE  Diesel  Generator 

The  retrofit,  dual  fuel  conversion  was  completed  in  July  1995  at  the  Construction 
Battalion  Center  in  Port  Hueneme,  California.  Although  previously  tested  in  a  locomotive 
application,  it  had  not  been  used  for  stationary  power.  And  although  the  application  to  stationary 
power  is,  in  ways,  not  as  complex  as  that  for  locomotives,  it  is  different  and  presents  other 
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significant  challenges.  To  meet  these  new  challenges,  to  accommodate  the  use  of  natural  gas 
within  the  MUSE  unit,  and  to  provide  a  capability  for  the  remote  operation  of  the  engine 
generator  unit,  a  new  automated  control  system  was  designed  and  installed  along  with  the  dual¬ 
fuel  conversion.  Operational  checkout  tests  of  the  modified  unit  provided  the  emissions  data  that 
are  summarized  in  Table  1-1.  The  tests  also  showed:  (a)  that  the  unit  could  be  started, 
electrically  synchronized  with  a  grid,  stopped,  and  otherwise  controlled  remotely,  (b)  that  full 
engine  generator  set  power  could  be  produced,  and  (c)  that  NO^  emissions  could  be  reduced  by 
65  percent,  the  approximate  level  anticipated  by  the  dual  fuel  conversion.  The  modified  unit  was 
then  transported  to  SUBASE  King’s  Bay  Georgia  where  it  is  now  undergoing  field  testing. 
Further  engine  efficiency,  fuel  usage,  power,  and  emissions  data  will  be  obtained  during  the  field 
test  period  along  with  maintenance  and  other  operational  and  control  data. 

1.4  Organization  of  the  Guide 

This  guide  contains  the  information  necessary  for  installing,  operating,  and  maintaining 
the  dual  fuel  conversion  hardware  supplied  by  ECI  Inc.,  Tacoma  WA,  when  used  on  MUSE 
diesel  generator  units  that  utilize  the  EMD  645  engine.  Section  2  reviews  some  of  the  factors 
involved  in  NO,,  production  in  2-stroke  diesel  engines  and  some  of  the  efforts  that  have  been 
undertaken  previously  to  minimize  those  emissions.  Suggestions  are  included  for  making  further 
important  reductions  in  NO^  emissions  from  the  EMD  645  engines.  Section  3  describes  the 
fundamental  elements  of  the  ECI  dual  fuel  conversion  kit,  and  Section  4  provides  detailed 
descriptions  and  installation  instructions  for  the  conversion  sub-systems,  as  defined  for  this  new 
application.  Section  5  describes  operational  procedures  of  the  converted  unit  and  Section  6 
discusses  field  site  installation,  maintenance,  and  training  requirements.  Section  7  provides 
capital  and  operating  costs  for  the  retrofit,  dual-fuel  MUSE  diesel  generator. 


Table  1-1.  Comparison  of  Measured  Emissions  Before  and  After  Dual-Fuel  Conversion 


1  Engine 

Emissions 

Fuel 

Power 
(hp)  .. 

NO, 

(grams/hph) 

CO 

(grams/hph) 

Before 

Conversion 

Diesel 

2,119 

10.5 

0.25 

0.35 

After 

Conversion 

Dual  Fuel 

2,119 

2.40 

9.2 

0.211 

Dual  Fuel 

3.42 

11.4 

— 
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2.0  NO^  REDUCTION  FOR  LARGE,  TWO-STROKE  DIESEL  ENGINES 


Of  the  many  combustion  devices  having  large  commercial  usage,  diesel  engines  have 
provided  the  greatest  technical  challenges  to  achieving  significant  NO,^  reductions.  Two  general 
approaches  can  be  used  to  reduce  NO,^  emissions  from  them:  (a)  modification  of  the  engine 
combustion  process  so  that  fewer  NO^  species  (nitric  oxide,  NO,  and  nitrogen  dioxide,  NO2)  are 
generated,  and/or  (b)  treatment  of  the  exhaust  gases  to  destroy  the  NO^  species  generated  and  to 
prevent  their  emission  into  tiie  atmosphere.  As  diesel  engines  are  lean-bum  (stoichiometrically, 
fuel  lean),  the  catalytic  reactors  used  by  spark-ignited  gasoline  engines  to  reduce  NO,,  and 
hydrocarbon  emissions  and  which  require  near-stoichiometric  combustion,  are  not  effective  for 
reducing  the  concentrations  of  the  same  pollutant  species  from  diesel  exhausts.  Further,  diesel 
engines  operate  at  higher  compression  ratios  than  gasoline  engines  and  combustion  in  them 
proceeds  according  to  a  complex,  heterogeneous  diffusion  process  as  opposed  to  the  simpler, 
easier-to-control,  homogeneous  flame  propogation  that  characterizes  gasoline  engine  combustion 
(see  Fig.  2-1).  The  higher  compression  ratio  of  the  diesel  engine  leads  to  its  greater  efficiency 
and  the  diffusion-controlled  combustion  is  what  permits  its  operation  at  higher  pressures  without 
the  occurrence  of  destructive  knocking.  However,  both  of  these  factors  lead  to  higher 
combustion  temperatures  and  increased  NO„  production  in  the  diesel  engine. 

Most  of  the  work  for  reducing  NO^  emissions  from  diesel  engines  has  been  with  smaller 
sized  engines.  Little  research  has  been  carried  out  on  engines  as  large  as  the  HMD  645.  And  as 
the  complexity  of  combustion  increases  and  one’s  ability  to  control  those  processes  decreases 
with  engine  size,  progress  in  NO„  emissions  reduction  from  larger  engines  has  been  comparably 
slow.  However,  as  characterization  of  the  fundamental  processes  in  diesel  engines  improves,  the 
results  for  controlling  NO„  emissions  from  both  large  and  small  engines  may  improve.  The 
Navy’s  Office  of  Naval  Research  (ONR)  is  sponsoring  fundamental  research  (see  Refs  2-1,  2-2, 
and  2-3)  on  the  control  of  NO„  emissions  from  the  larger  engines  used  for  boat  and  ship 
operations.  Those  results  could  also  find  an  application  with  MUSE  engines.  However,  the 
practical  application  of  that  research,  if  successful,  is  several  years  in  the  future.  A  further 
complication  with  the  EMD  645  engines  is  that  they  are  2-stroke  engines.  This  reduces  the 
number  of  engine  parameters  available  for  controlling  or  altering  the  internal  engine  processes 
for  the  purpose  of  NO^  reduction.  Further,  most  work  on  NO„  reduction  from  diesel  engines  has 
been  on  those  of  the  4-stroke  design.  Therefore,  the  quantity  of  engine  research  to  draw  on  for 
reducing  NO„  emissions  from  the  EMD  645  engine  is  limited. 

2.1  Exhaust  Gas  Treatment 

Exhaust  gas  treatment  provides  one  option  for  significantly  reducing  NO„  emissions  from 
diesel  engines,  although  the  additional  equipment  and  chemicals  required  for  its  implementation 
worLs  against  its  application  on  MUSE  umts.  Two  such  approaches  are  available  commercially, 
others  are  being  developed.  Those  available  commercially  use  a  chemical  reductant  either  with 
catalysts  (selective  catalytic  reduction  (SCR)),  or  without  catalysts  (selective  non-catalytic 
reduction  (SNCR)).  The  reductants  used  are  usually  ammonia  or  a  related  compound  such  as 
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urea.  Other  than  the  identification  of  a  useful  chemical  additive,  the  development  of  an 
appropriate  catalyst  is  the  major  technical  problem  in  the  development  of  a  useful  SCR  approach. 
Although  SNCR  requires  no  catalyst,  other  chemical  routes  and  temperatures  for  the  destruction 
of  NO^  must  be  used.  The  general  features  and  flow  paths  of  the  two  approaches  are  contrasted 
in  Figure  2-1. 

Ammonia  has  been  the  chemical  most  used  for  NO^  reduction,  but  recent  years  have 
seen  development  of  the  use  of  related  chemicals  (e.g.,  urea  and  cyanuric  acid).  Ammonia  and 
urea  have  both  been  used  in  SNCR  and  SCR  processes,  but  the  temperature  window  of  their 
application  for  SNCR  is  too  high  to  be  useful  with  diesel  exhausts.  The  use  of  urea  in  SCR 
processes  is  a  rather  recent  development  and  offers  significant  advantages  over  that  of  ammonia. 
SCR  (urea)  provides  at  least  the  NO^  reduction  that  SCR  (NH3)  provides  (both  >90  percent),  but 
without  the  burden  of  being  either  a  hazardous  chemical  or  an  environmental  threat.  The  use  of 
SCR  (urea)  was  developed  in  Europe  and  is  currently  available  only  from  European  suppliers. 
Cyanuric  acid  has  been  used  for  SNCR  (non-catalytic)  processes.  Its  major  claim  is  that  it  is 
more  effective  than  either  ammonia  or  urea  at  the  lower  temperatures  characteristic  of  diesel 
exhausts. 

2.2  NO,  Reduction  From  EMD  645  Dual-Fuel  Engines 

Several  efforts  have  been  undertaken  to  use  natural  gas  with  2-stroke  diesel  engines. 
Those  of  interest  to  the  MUSE  engine  generator  program  are  summarized  in  Table  2-1.  The  first 
line  provides  operating  data  from  current  MUSE  EMD  645  diesel  engines  as  a  baseline  for 
comparison.  The  remaining  cases  are  for  engines  from  the  same  locomotive-type  engine  series 
(the  EMD’s  567,  645,  and  710,  cylinder  displacement  in  cubic  inches)  and  the  Detroit  Diesel  92 
(a  truck-sized  engine).  Fuel  type  is  either  dual  fuel  (DF)  or  natural  gas  (NG),  and  charging  of  the 
engine  cylinders  with  natural  gas  is  described  as  either  early  or  late  in  the  compression  stroke. 
For  early  injection  (El),  a  low  injection  pressure  (100  to  300  psi)  can  be  used.  Air  flow  and 
miving  patterns  within  the  cylinder  then  produce  a  nearly  homogeneous  fuel/air  mixture  prior  to 
ignition.  For  late  cycle  injection  (LCI),  a  much  higher  pressure  (>3,000  psi)  is  required,  and  as 
pre-mixing  of  the  fuel  and  air  is  not  achieved  prior  to  ignition,  a  diesel-type  combustion  takes 
place.  Ignition  of  the  natural  gas  charge  in  both  of  these  cases  is  by  injection  of  a  pilot  quantity 
of  diesel  fuel  (4  to  7  percent  of  the  amount  required  for  full  diesel  operation)  into  the  cylinder  at 
the  time  of  ignition.  Significant  NO,  reduction  is  achieved  with  the  El  process.  NO,  reduction  is 
much  more  difficult  to  achieve  for  the  LCI  process. 

Anticipated  advantages  of  LCI  are  increased  engine  thermal  efficiency  (a  higher 
compression  ratio  diesel  cycle  can  be  used)  and  avoidance  of  the  combustion  knock  that  limits 
power  production  in  Otto  cycle  (homogeneous  combustion)  engines.  Disadvantages  of  LCI  are 
the  technical  problems  and  high  cost  of  providing  natural  gas  at  pressures  greater  than  3,000  psi 
and  the  difficulty  in  achieving  reduced  NO,  emissions  in  higher-pressure,  higher-temperature 
combustion  environments.  The  advantage  of  reduced  fuel  costs  due  to  the  use  of  natural  gas 
rather  than  diesel  fuel  is  provided  by  both  approaches. 

The  data  of  Case  1  were  obtained  in  1982  from  a  locomotive  engine  fueled  from 
compressed  natural  gas  cylinders  carried  on  a  railroad  flatcar  (Ref  2-4).  The  major  limitation 
observed  in  that  test  operation  was  the  reduction  (20  to  30  percent)  of  available  engine  power 
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caused  by  the  onset  of  combustion  knocking.  In  Case  2,  the  Department  of  Energy  (DOE) 
sponsored  single-cylinder  engine  tests  (Refs  2-5  and  2-6)  to  determine  if  improved  engine 
thermal  efficiencies  and  power  production  could  be  obtained  with  a  diesel-type  (late  cycle 
injection)  combustion  process  for  dual  fuel  operation.  Although  substantial  progress  was  made  in 
these  tests,  engine  efficiency  and  exhaust  emission  objectives  were  not  achieved.  The  DD  92 
spark-ignited,  truck-sized  engine  (Case  3)  had  significantly  different  requirements  than  those  for 
the  larger  locomotive  engines.  Its  manufacture  was  discontinued  after  several  years’  production. 

Case  4  was  undertaken  by  many  of  the  same  parties  involved  in  Case  1,  but  with  several 
changes.  These  included:  using  turbocharging  rather  than  positive  displacement  compressors  for 
charge-air  compression;  changing  the  piston  crown  design  to  improve  fuel-air  mixing  and  to 
reduce  the  compression  from  14.5  to  12.8;  altering  the  head  configuration  to  allow  admission  of 
natural  gas  into  the  chamber  using  electronic  rather  than  mechanical  controls;  incorporating 
additional  charge-air  cooling  for  the  engine;  modifying  the  controls  of  the  injector  rack,  and 
incorporating  single-bank  engine  idling  to  reduce  emissions  and  improve  engine  efficiency  (Ref 
2-7).  The  results  achieved  were  sufficient  to  convince  the  Burlington  and  Northern  Railway  to 
install  retro-fit  packages  designed,  specifically,  for  the  EMD  645  engine  on  two  tandem 
locomotives  for  coal  line-haul  operations  between  Montana  and  Wisconsin.  Liquefied  natural  gas 
(LNG)  was  used  as  the  fuel,  and  a  separate  LNG  fuel  car  was  constructed  to  provide  fuel.  An 
LNG  refueling  station  for  the  round  trip  was  provided  in  Miimesota.  The  performance, 
reliability,  and  emissions  reduction  of  that  technology  were  demonstrated  in  a  program  that 
continued  for  over  two  years.  The  technology  represented  by  this  demonstration  test  appears  to 
be  the  only  engine-related  retro-fit  technology  available  for  achieving  significant  NO,,  reductions 
with  the  EMD  645  engine. 

The  last  entry  in  Table  2-1  is  for  development  tests  that  have  been  underway  at  the 
Southwest  Research  Institute  (SwRI)  for  development  of  the  late,  high-pressure  injection  of 
natural  gas.  Data  regarding  the  performance,  emissions,  cost,  and  reliability  of  this  technology 
have  not  yet  been  published. 

2.3  Further  Reduction  of  NO„  Emissions 

Although  the  70  percent  reduction  in  NO„  demonstrated  by  the  results  of  Case  4  is  an 
important  step  forward,  further  NO„  reductions  appear  to  be  available  with  some  additional 
modification  of  the  dual-fuel  EMD  645  engine.  These  have  centered  on  the  use  of  pre-ignition 
chambers  and/or  separate  diesel  injection  igniters  (see  Table  2-2).  The  results  presented  in  this 
table  show  that  NO„  emissions  for  dual  fuel  injection  can  be  reduced  to  the  level  of  1 .0  gram/hph 
while  the  required  pilot  fuel  is  reduced  to  about  1.0  percent  (Reference  2-8  and  2-9  indicate  that 
CO,  hydrocarbon,  and  particular  emission  are  also  significantly  reduced.).  Although  the  use  of 
pre-chambers  in  engines  is  a  familiar  concept,  their  use  with  dual  fuel  engines  has  been  limited 
and  their  significant  advantages  have  not  been  widely  explored.  In  the  cases  shown,  the 
Wartsilla  is  a  somewhat  complex  multi-fueled  application  requiring  high  pressure  injection  (Ref 
2-10).  It  would  not  be  useful  for  Navy  MUSE  xmits.  Cooper  Bessemer  (Cases  2  through  5) 
conducted  tests  that  started  with  the  objective  of  improving  the  operation  of  large  spark-ignited 
natural  gas  engines  and  resulted  in  major  improvements  in  their  dual  fuel  engines  as  well  (see 
Fig.  2-2,  Ref  2-8).  The  Cooper  Bessemer  engines  were  all  four-stroke  units.  Fairbanks-Morse 
(Ref  2-9)  achieved  results  similar  to  those  of  Cooper  Bessemer  with  a  900-rpm,  two-stroke. 
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opposed-piston  engine.  A  plan  view  of  the  injector  arrangement  for  the  natural  gas,  diesel,  and 
pre-chamber  injectors  of  the  Fairbanks  Morse  application  is  shown  on  Fig.  2-3.  When  the  engine 
is  operating  in  the  diesel  mode,  both  diesel  injectors  are  used.  In  the  natural  gas  mode,  a  single, 
low-pressure  gas  injector  is  used  along  with  a  diesel-fired  pre-ignition  chamber.  Figure  2-4 
shows  Fairbanks-Morse  data  for  four  modes  of  engme  operation:  standard  diesel,  standard  dual 
fuel,  spark  ignition,  and  Enviro  Design  pre-chamber.  The  numbers  within  each  region  of  the 
figure  refer  to  the  number  of  data  points  used  to  define  that  region,  NO,,  emissions  and  thermal 
efficiency  (brake-specific  fuel  consumption)  are  significantly  superior  for  the  Enviro-Design. 

Pre-chamber  parameters  affecting  the  reliability  and  effectiveness  for  achieving  ignition, 
minimum  emissions,  and  minimum  pilot  fuel  are  shown  on  Figure  2-5  (Ref  2-8). 

Combustion  pre-chambers  can  be  used  with  dual  fuel  engines  to; 

•  Further  lower  NO„,  hydrocarbon,  CO,  and  particulate  emissions. 

•  Improve  engine  thermal  efficiency. 

•  Reduce  the  required  diesel  pilot  fuel  for  both  two-  and  four-stroke  dual  fuel  engines. 

This  technology  is  now  available  and  could  be  applied  to  the  EMD-645  to  achieve  further 
important  improvements  in  exhaust  emissions  and  thermal  efficiency  for  dual  fuel  operation. 
Such  efforts  would  require  a  modest  extension  of  the  existing  dual  fuel  technology  (low-pressure 
injection)  aheady  demonstrated  on  B«feN  RR  locomotives  and  the  Navy  MUSE  unit.  SuccessfW 
demonstration  of  a  dual  fuel  EMD-645  engine  with  pilot  ignition  would  bring  the  Navy’s 
stationary  dual  fuel  units  to  the  level  of  NO^  required  by  the  most  restrictive  emissions 
regulations  in  the  country  for  stationary  engines. 


(a)  Selective  non-catalytic  reduction  (SNCR). 
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Figure  2- 1 .  General  features  of  SCR  and  SNCR  NOx  reduction  processes. 
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Figure  2-2.  Results  of  tests  conducted  by  Cooper  Bessemer  showing  NO^ 


Figure  2-3.  Plan  view  of  arrangement  of  natural  gas,  diesel,  and  pre-chamber 
injection  for  Fairbanks-Morse  application. 
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Figure  2-4.  Results  of  tests  conducted  by  Fairbanks-Morse  showing  NO^ 
emissions  and  brake  specific  fuel  consumption  (Btu/hph). 


Figure  2-5.  Schematic  outline  of  dual  fuel  cylinder  and  parameters 
that  affect  pre-chamber  performance. 
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Table  2-1.  NO,  Reduction  Technologies  Related  to  EMD-645 


Case 

HI 

Number 

Strokes 

Natural  Gas 
Injection 

Pilot  Diesel 

NOx 

g/hph 

Other 

Time 

Pressure 

% 

Location 

1 

EMD-567 

2 

DF 

Early 

200 

7 

Main 

1 

1 

Low  power, 
1982 

2 

EMD-567 

2 

DF 

Late 

3,500 

2.0  knock 

limit 

Main, 
side  wall 

5 

Fleavy  smoke, 
reduced 
efficiency 
SwRI** 

3 

Detroit 

Diesel  92 

2 

NG 

Early 

250 

N/A 

N/A 

N/A 

Disconfd 

production 

■ 

2 

DF 

Early 

100 

6 

Main 

■ 

Full  power 
locomotive, 
1992-1995 

EMD-710 

2 

DF 

Late 

High 

? 

Main 

■ 

Results  not 
available 

*DF  =  Dual  Fuel,  NG  =  Natural  Gas. 
♦♦Southwest  Research  Institute,  Inc. 


Table  2-2.  Further  NO,  Reductions  Using  Pre-Ignition  Chambers 


Mfgr 

Number 

Strokes 

Fuel 

Type* 

Natural  Gas 
Injection 

Pilot  Diesel 

Other 

Time 

Pressure 

(psig) 

% 

Location 

Wartsilla 

4 

MF 

Late 

4,000 

5 

Main 

5 

New  and 

Retrofit 

Cooper 

Bessemer 

4 

NG 

Early 

Low 

Spark 

Pre- 

1.5 

StdforDF 

Cooper 

Bessemer 

4 

DF 

Early 

Low 

5 

Main 

5 

Optimized 

Cooper 

Bessemer 

4 

DF 

Early 

Low 

1 

Main 

4 

Unstable 

combustion 

Cooper 

Bessemer 

4 

DF 

Early 

Low 

0.9 

Pre- 

1 

Full  power, 

improved 

opacity 

Fairbanks-Morse 
Enviro  Op 

2 

DF 

Early 

Low 

1 

1 

1 

Main 

4.5 

... 

Fairbanks-Morse 
Enviro  Op 

2 

DF 

Early 

Low 

1.4 

Pre- 

1 

Full  power 

*MF  =  Multi-fuel,  NG  = 

=  Natural  Gas,  D 

F  =  Dual  fi 

lel. 
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3.0  ELEMENTS  OF  THE  ECI/EMD  DUAL-FUEL  CONVERSION 

The  EMD  645  two-stroke  engine  has  8  to  20  cylinders,  is  of  45-degree  V  construction, 
uses  a  turbocharger  to  pressurize  the  air  supply,  and  has  direct  diesel  fuel  injection.  It  has  4 
exhaust  valves  in  each  cylinder  head  and  receives  its  combustion  air  through  ports  in  the  cylinder 
liner  (Fig.  3-1).  When  converted  to  dual  fuel  operation,  natural  gas  is  admitted  into  the  cylinder 
by  a  gas  inlet  valve  (GIV)  with  direct  access  to  the  combustion  chamber  (Fig.  3-2). 

3.1  Natural  Gas  Fuel 

Natural  gas  is  composed  principally  of  methane  (CH4),  with  smaller  quantities  of  other 
hydrocarbons,  carbon  dioxide,  water,  and  other  species.  The  composition  of  a  typical  pipeline 
natural  gas  is  given  in  Table  3.1.  The  non-methane  hydrocarbons  are  often  referred  to  as  “heavy 
ends;”  the  multiple  carbon  atoms  in  their  molecules  providing  both  increased  molecular  weight 
and  additional  combustion  energy  because  of  the  greater  number  of  atomic  bonds  present  in  a 
given  volume  of  gas.  The  heavy  ends  contribute  more  energy  (BTUs)  per  volume  of  gas  than 
does  pure  methane,  but  do  not,  necessarily,  provide  for  better  engine  operation.  Natural  gas  with 
a  composition  of  methane  and  heavy  ends  that  has  a  heat  content  greater  than  1,100  BTU  per 
standard  cubic  foot  (SCF)  is  known  as  a  “hot  gas”  that  can  lead  to  destructive  engine  knocking. 

Methane  is  a  high  octane  (130)  fuel  that  exhibits  excellent  antiknock  characteristics  when 
used  in  spark-ignited  engines.  However,  fuel  characteristics  that  are  good  for  spark-ignited 
engines  are  often  undesirable  for  compression-ignited  engines.  The  latter  require  high 
compression  ratios  to  heat  the  air  in  the  cylinder  to  the  point  that  the  fuel  will  spontaneously 
ignite  upon  injection.  When  natural  gas  is  used  as  the  fuel  a  compression  ratio  enabling  the 
natural  gas  to  spontaneously  ignite  would  be  significantly  greater  than  that  required  for  diesel 
fuel  and  would  be  too  high  to  maintain  reliable  engine  operation  and  performance.  Therefore 
other  approaches  for  igniting  the  natural  gas/air  charge  must  be  used. 

3.2  Dual  Fuel  Characteristics 

The  solution  adopted  by  ECI  for  igniting  the  premixed  gas/air  mixture  in  each  cylinder  is 
to  use  a  small  quantity  of  diesel  fuel  as  a  pilot  charge  to  initiate  combustion.  Air  is  admitted  to 
the  cylinder  at  the  bottom  of  the  piston  stroke  and  natural  gas  is  then  injected  at  low  cylinder 
pressure.  As  the  piston  rises  to  the  top  of  its  compression  stroke  the  gas/air  charge  is 
adiabatically  heated.  The  diesel  pilot  fuel  is  then  injected  and  the  diesel  fuel,  with  its  lower 
ignition  temperature,  ignites  and  sets  in  motion  a  flame  front  through  the  gas/air  mixture. 
Combustion  chamber  temperatures  and  pressures  increase  as  the  combustion  front  proceeds  from 
the  point  of  diesel  injection.  If  the  pressure  becomes  too  great,  autoignition  can  be  triggered 
within  the  unbumed  air/gas  mixture  ahead  of  the  flame  front.  When  severe,  this  autoignition 
becomes  destructive  knock,  and  is  aggravated  when  “hot  gases”  are  used.  To  counteract  this 
potential  problem  when  burning  natural  gas  in  the  EMD  engine,  ECI  reduced  the  compression 
ratio  of  the  engine  from  14.5  to  12.8. 
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Although  a  lower  compression  ratio  usually  leads  to  lower  engine  power  and  efficiency, 
ECI  redesigned  the  piston  crowns  and  cylinder  heads  of  the  EMD  645  to  minimize  efficiency 
losses.  It  also  added  an  auxiliary  water-cooling  circuit  for  the  turbo-charger  aftercooler  to  reduce 
air  charge  temperatures  to  the  cylinders.  These  changes  enabled  the  converted  dual  fuel  engine 
to  produce  full  diesel-rated  horsepower  in  both  dual  fuel  and  diesels  mode  of  operation  in  the 
locomotive  application.  Although  the  thermal  efficiency  for  dual  fuel  operation  is  reduced 
several  per  cent  fi-om  that  obtained  for  full  diesel  operation,  the  savings  in  using  natur^  gas  more 
than  compensates  for  this  reduced  efficiency  and  usually  produces  significant  fuel  savings. 

Other  than  being  a  convenient  method  for  initiating  combustion,  the  dual  fuel  approach 
offers  the  advantage  of  a  backup  fuel  system  when  natural  gas  is  either  not  available  or  if  a 
problem  should  arise  in  the  gas  system.  This  is  an  especially  important  consideration  for  Navy 
MUSE  units.  On  the  occurrence  of  a  hazardous  situation  or  engine  malfunction  while  operating 
on  natural  gas,  the  ECI  dual  fuel  system,  controlled  by  the  engine  control  unit  (ECU), 
automatically  shuts  off  the  natural  gas  supply  and,  on-line,  switches  the  engine  to  full  diesel 
operation. 

Natural  gas  in  the  ECI  conversion  is  delivered  to  the  cylinders  at  low  pressure  (100  to 
200  psig).  This  involves  admission  of  the  natural  gas  into  the  combustion  chamber  when  the 
piston  is  near  the  bottom  of  its  travel  and  when  chamber  pressure  is  low.  (High  pressure 
injection  (3,000  psig)  entails  forcing  the  gas  into  the  already-compressed  air  along  with  the  pilot 
fuel  near  the  top  of  the  piston  stroke.)  The  major  advantages  of  the  low  pressure  injection  system 
used  by  ECI  are  improved  safety,  material,  and  construction  concerns,  the  opportunity  to  use  less 
exotic,  precision  hardware  than  that  required  to  handle  and  inject  the  low-lubricity  natural  gas  at 
3,000  psi,  the  avoidance  of  a  fuel  energy  penalty  for  compressing  the  natural  gas  to  3,000  psi, 
and  greater  NOx  reduction.  High  pressure  injection  systems  would  provide  some  advantage  of 
increased  horsepower  and  thermal  efficiency,  but  the  results  of  the  development  of  that  approach 
are  not  yet  available. 

3.3  Engine  Operating  Sequence 

Dual  fuel  operation  of  the  EMD  engine  can  be  divided  into  four  phases:  exhaust 
scavenging  and  air  charging;  gas  admission,  gas/air  mixing  and  compression;  ignition;  and  power 
production.  These  phases  are  described  below  and  illustrated  by  the  piston  positions  shown  on 
Figure  3-2: 

1.  The  piston  is  at  the  bottom  of  its  stroke,  starting  up.  The  exhaust  valves  are  open  and 
the  inlet  air  ports  in  the  liner  are  uncovered.  Compressed  air  (from  the  turbocharger 
at  about  17  psig)  is  forced  from  the  air  box  that  surroimds  each  cylinder  into  and 
through  each  cylinder,  displacing  the  exhaust  gases  from  the  previous  power  stroke 
out  through  the  exhaust  valves  and  into  the  exhaust  system. 

2.  Admission  of  natural  gas  into  the  cylinder  begins  with  the  GIV  opening  after  the 
cylinder  has  been  recharged  with  fresh  air  and  after  the  exhaust  valves  have  closed. 
The  quantity  of  fuel  gas  charged  to  the  cylinder  is  controlled  by  a  Gas  Flow  Control 
Valve  (GFC V)  and  the  time  of  opening  of  the  GIV,  both  of  which  are  controlled  by 
the  Engine  Control  Unit  (ECU).  The  discharge  of  the  gas  into  the  cylinder  under 
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pressure  along  with  the  air  motion  established  by  the  recharging  of  the  air  provides 
fluid  motion  for  mixing  the  fuel  and  air  charges.  The  upward  movement  of  the  piston 
further  enhances  the  mixing  and  compresses  the  air/gas  charge  to  a  temperature 
sufficient  for  ignition  of  the  diesel  pilot  fuel. 

3.  Just  prior  to  the  arrival  of  the  piston  at  top-dead  center  (TDC)  a  small  amount  of  diesel 
pilot  fuel  is  sprayed  into  the  cylinder  by  the  diesel  injector.  The  pilot  fuel  is  ignited 
by  the  hot  gases  and,  in  turn,  serves  as  an  ignition  source  for  the  natural  gas/air 
mixture  that  is  now  nearly  homogeneously  mixed. 

4.  The  fuel/air  mixture  bums,  increasing  the  temperature  and  pressure  within  the  cylinder 
and  driving  the  piston  down  during  the  power  stroke. 

5.  The  exhaust  valves  open  as  the  piston  passes  106°  after  TDC  to  allow  the  exhaust 
gases  to  escape  the  power  assembly,  and  the  inlet  air  ports  open  at  135°  to  allow  the 
charging  air  to  scavenge  the  exhaust  gases  and  to  replace  them  with  a  fresh  air  charge. 
The  piston  continues  to  BDC  where  the  cycle  repeats  itself 

3.4  Conversion  Kit  Components 

The  ECI  conversion  kit  converts  the  standard  EMD  diesel  engine  to  dual  fuel  operation 
by  replacing  the  pistons  and  heads,  adding  gas  handling  and  gas  injection  hardware,  and 
installing  modified  aftercoolers  and  other  supporting  hardware  and  instrumentation. 

3.4.1  Duel  Fuel  Heads  and  Pistons.  The  ECI  dual  fuel  head  is  similar  to  the  standard 
EMD  diesel  head  with  the  exception  of  an  additional  opening  through  its  top  that  directly 
accesses  the  combustion  chamber.  This  opening  accepts  the  gas  inlet  valve. 

Piston  head  modifications  are  made  to  ensure  proper  gas/air  mixing  and  to  lower  the 
compression  ration  to  12.9.  The  shape  of  the  top  of  the  piston  enhances  swirl  and  promotes 
combustion  of  the  gaseous  fuel.  At  idle,  the  engine  runs  100  percent  on  diesel  using  the 
ECI-developed  Low  Emission  Idle  (LEI)  method  that  alternates  engine  banks  to  improve 
efficiency  and  reduce  emissions. 

3.4.2  Gas  Inlet  Valves.  The  Gas  Inlet  Valve  is  a  microprocessor  controlled,  electrically- 
acturated,  pneumatically-driven  poppet  valve.  The  GIVs  have  advantages  over  mechanically- 
actuated  valves  in  that  they  can  be  software-tuned  for  various  engine  speeds  and  conditions 
without  changing  the  camshaft.  The  gas  inlet  valves  are  modular  components  that  are  unit 
replaceable,  gimilar  to  the  diesel  injector.  They  remain  closed  when  the  engine  is  not  running  on 
gas  to  preserve  their  life  and  reliability  and  to  prevent  combustion  by-products  from  building  up 
on  the  GIV’s  valve  stem. 

3.4.3  Pilot  Fuel  Control  and  Diesel  Injection.  The  standard  diesel  fuel  injectors  are  re¬ 
calibrated  to  a  pilot  level.  This  slightly  alters  the  fuel  output  at  full  diesel  throttle,  although  full 
horsepower  is  still  available  when  running  in  the  diesel  mode.  The  converted  engine  starts  and 
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idles  on  diesel  and  automatically  begins  gas  operation  after  the  engine  reaches  operating 
temperature  and  a  preset  speed  (880  RPM)  and  an  engine  loading  of  300  kW.  On  shutdown,  the 
diesel-to-gas  operational  transfer  occurs  at  an  engine  loading  of  55  kW,  just  prior  to  opening  the 
breaker  at  50  kW. 

The  fuel  injection  system  is  designed  to  make  it  possible  to  run  equally  well  on  full  diesel 
or  on  natural  gas.  The  pilot  fuel  control  system  employs  an  electronically  controlled  mechanism 
that  is  attached  to  the  govemor/fuel  rack  linkage.  During  gas  operation  the  device  overrides  the 
diesel  governor  permitting  only  a  small  pilot  quantity  of  diesel  to  be  injected  into  the  cylinder. 
During  diesel  operation,  the  device  relinquishes  control  to  the  governor,  which  then  provides 
conventional  diesel  operation. 

3.4.4  Low  Emission  Idle  (LEI).  Low  Emission  Idle  (LEI)  runs  the  engine  on  eight  of 
its  sixteen  cylinders  when  the  engine  is  idling.  The  additional  load  the  non-firing  cylinders 
places  on  the  engine  causes  the  firing  cylinders  to  bum  the  diesel  fuel  completely,  producing  a 
fuel  savings  of  approximately  15  percent  and  significantly  reducing  unbumed  hydrocarbons  in 
the  exhaust.  An  electronic  timer  in  the  air  control  cabinet  controls  switching  between  the  engine 
banks.  (Note:  The  current  Navy  unit  does  not  include  this  option  as  Navy  engines  do  not, 
normally,  have  extended  periods  of  idling.  This  option  could  be  included,  however,  if  smoking 
at  idling,  when  diesel  fuel  is  being  used,  is  perceived  to  be  a  problem.) 

3.4.5  Electronic  Control  Unit.  The  patent  for  the  engine  control  method  was  purchased 
by  the  ECI  partnership  in  1984.  Using  copyrighted  software  developed  in-house,  the  ECU 
controls  critical  engine  functions  and  safety  systems.  It  is  designed  to,  on-line,  switch  the  engine 
to  full  diesel  operation  in  the  event  of  an  irregularity  in  gas  operation. 


3-4 


-Water  Discharge  Mar-.fold 

-  Lifting  Shackle  Base 


Top  Deck  Cover 
Camshaft 

Injector  Rocker  Arm  — 
Overspeed  Trip  Shaft 
Fuel  Manifold, 
Injector  Adjusting  Link 
Injector  Control  Shaft 
Injector  Rack 
Cylinder  Test  Valve 

Fuel  Injector 

Cylinder  Head  Crab  Bolt 
Air  Inlet  Ports 
Air  Box 
Water  Inlet  Jumper 
Water  Inlet  Manifold 
Main  Lube  Oil  Manifold 

Fork  Connecting  Rod 
Connecting  Rod  Basket 
Main  Bearing  "A"  Frame 

Main  Bearing  Cap 
Crankshaft 
Crankshaft  Counterweight 


Exhaust  Valve  Bridge 
Exhaust  Valve  Spring 
Exhaust  Valve 
Cylinder  Head 


Piston  Pin 
Crankcase 
Cylinder  Liner 
Blade  Connecting  Rod 
Oil  Drain  And  Vent 
Air  Box 

Handhole  Cover 

Piston  Cooling 
Oil  Pipe 


Oil  Pan 

Handhole  Cover 
Oil  Pan 

Oil  Level  Gauge 
Strainer  Box 


Figure  3-1.  Cross  section  of  EMD  engine. 

.  (Used  by  permission,  Energy  Conversions,  Inc.,  U.SA.,  1996.) 
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Figure  3-2.  Dual-fuel  EMD  645  engine  operating  phases. 

(Used  by  permission,  Energy  Conversions,  Inc.,  U.S.A.,  1996) 


Table  3-1 .  Typical  Natural  Gas  Composition 


Component 

Molar 

Percentage 

Nitrogen 

0.323 

Carbon  Dioxide 

0.174 

Methane 

92.241 

Ethane 

6.500 

Propane 

0.551 

Iso  Butane 

0.042 

N  Butane 

0.055 

Hexanes  + 

0.045 

Oxygen 

0.069 

Btu/cu  ft. 

1,071.000 
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4.0  SUB-SYSTEM  DESCRIPTIONS  AND  INSTALLATION  PROCEDURES 


The  modification  of  the  MUSE  1,500-kW  engine  generator  set  to  dual  fuel  operation  is 
described  as  a  series  of  systems,  each  consisting  of  components  connected  by  electrical  circuitry, 
mechanical  or  electrical  conduits,  and/or  other  mechanical  linkages.  The  actual  modification 
hardware  and  procedures  are  described  in  References  4-1, 4-2,  and  4-3  that  have  been  assembled 
by  ECI,  Inc.,  based  on  the  Navy’s  prototype  application  for  stationary  power.  The  use  of  those 
publications  is  essential  to  the  proper  installation  of  this  dual  fuel  kit.  This  section  draws  heavily 
on  them,  and  supplements  them  with  information  specific  to  the  Navy  MUSE  unit.  The 
description  of  each  system  includes  schematics,  detailed  drawings,  and  photographs  of  the 
installation  and  installation  process. 

4.1  Engine  Modifications 

4.1.1  Power  Pack  Assembly.  The  dual  fuel  power  pack  assembly  is  shown  on 
Figure  4-1 .  Included  in  it  is  the  head,  modified  to  receive  the  gas  injection  valve  (GIV),  the  dual 
fuel  piston,  whose  top  surface  has  been  modified  to  lower  the  compression  ratio  fi-om  14.5  to 
12.8  and  to  provide  a  greater  intensity  of  mixing  of  the  natural  gas  and  air,  and  natural  gas 
connecting  hardware  that  includes  the  load  valve,  load  block,  gas  and  air  lines  and  the  GIV. 
Although  the  heads  and  pistons  are  changed  as  noted  and  the  ring  sets  are  special  parts,  the 
power  pack  assembly  procedure  is  identical  to  that  of  the  standard  diesel  power  pack.  Figures 
4-2(a)  through  4-2(d)  show  the  placement  of  the  GIV  into  the  cylinder  head  with  attachment  of 
the  natural  gas  supply  and  control  air  hoses. 

4.1.2  Cylinder  Relief  Valves.  ECI  cylinder  pressure  relief  valves  (Fig.  4-3)  are  used  to 
replace  the  standard  cylinder  test  valves.  These  valves  are  located  at  each  cylinder  just  imder  the 
natural  gas  supply  line  to  relieve  excess  pressures  that  can  arise  during  gas  operation. 

4.1.3  Diesel  Fuel  Supply.  The  original  diesel  fuel  system  is  modified  to  provide  “pilot” 
fueling  capability  during  natural  gas  operation.  Standard  diesel  injectors  are  used,  but  require 
special  calibration  to  provide  the  correct  “pilot”  fuel  quantities.  Modifications  also  include  the 
addition  of  a  pilot  fuel  stop  assembly  mounted  by  the  injector  rack  control  linkage,  and  a  system 
of  air  rams.  The  pilot  stops  are  actuated  with  control  air  pressure  through  solenoid  valves 
controlled  by  the  Engine  Control  Unit  (ECU).  During  higher  loads  the  left-hand  ram  is  extended. 
If  the  load  drops  below  20  percent,  the  second  ram  is  energized  increasing  the  pilot  fuel  and 
stabilizing  combustion  at  the  light  load.  Figure  4-4  shows  elements  of  the  pilot  fuel  stop 
assembly  and  the  modified  injector  control  rack  linkage.  Figure  4-5  shows  photographs  of 
engine  modification  components. 
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4.2  Natural  Gas  Supply  System 

Figures  4-6  is  a  schematic  diagram  showing  installation  of  the  gas  lines  within  the  engine 
house  leading  from  the  engine  cylinders  to  the  external  natural  gas  (NG)  supply  and  control 
components  leaving  the  engine  house.  Figure  4-8  shows  photographs  of  the  NG  piping,  fittings, 
and  their  installations. 

Under  normal  operation,  natural  gas  is  used  within  the  unit  at  pressures  of  100  to  150  psi. 
The  pressure,  normally,  must  be  reduced  from  a  higher  supply  pressure  and  closely  regulated  to 
the  desired  level.  The  gas,  first,  passes  through  a  master  manual  shutoff  valve  followed  by  the 
pressure  regulator.  It  then  passes  through  two  air-operated  shutoff  valves  and  a  piping  tee  that 
leads  to  a  pressure  relief  valve  (set  at  150  psi),  a  filter,  an  air-operated  vent  valve,  and  on  to  the 
NG  piping  in  the  interior  of  the  engine  house.  There  it  passes  through  an  instrumentation  run 
(Fig.  4-9)  where  the  gas  temperature,  pressure,  and  the  flow  rate  are  measured,  to  a  third  air- 
actuated  gas  cutoff  valve  (GCOV,  Fig.  4-10),  and  on  to  the  gas  flow  control  valve  (GFCV). 

When  the  ECU  determines  that  it  is  time  for  gas  operation,  valves  VI,  V2,  and  GCOV  are 
opened  for  a  brief  period  of  time  (5  seconds)  to  charge  the  natural  gas  supply  line.  At  that  point, 
the  VI  and  V2  are  closed  and  the  pressure  of  the  natural  gas  in  the  line  downstream  of  them  is 
monitored  for  180  seconds  to  ensure  that  the  pressure  remains  constant  and  that  no  significant 
leaks  are  present  in  the  gas  supply  line  (a  pressure  loss  of  less  than  3.0  psi  must  be  observed  for 
the  system  to  pass  this  test).  If  the  gas  line  does  not  pass  the  integrity  test,  it  is  vented  to 
atmospheric  pressure  (through  a  vent  valve,  located  on  the  gas  flow  control  valve  (GFCV), 
Fig.  4-10),  and  on  to  the  exterior  vent  pipe).  VI  and  V2  remain  closed,  and  the  engine  is 
prevented  from  proceeding  to  NG  operation.  If  the  gas  line  passes  the  integrity  test,  valves  VI 
and  V2  are  opened,  providing  a  NG  supply  up  to  the  GCOV .  At  that  point,  the  ECU  opens  the 
GCOV  and  starts  to  sequentially  open  the  GIVs  to  each  of  the  cylinders  to  provide  a  flow  of  NG 
to  them.  The  gas  flowrate  to  the  engine  is  controlled  by  the  GFCV  (Fig.  4-11),  the  position  of 
which  is  determined  by  a  direct  mechanical  linkage  from  the  output  shaft  of  the  Woodward 
governor  (the  standard  diesel  component  for  governing  engine  speed  and  load). 

From  the  GFCV  the  gas  makes  its  way  through  the  headers  (Fig.  4-12)  to  each  load  block 
and  GIV.  Each  load  block  has  a  restrictor  valve  that  can  be  adjusted  to  either  increase  or 
decrease  the  gas  flow  to  each  cylinder  to  balance  the  power  that  is  delivered.  The  gas  pressure  in 
the  header,  controlled  by  the  GFCV,  changes  with  load  over  a  range  of  25  to  65  psi.  In  switching 
to  diesel  operation,  the  GCOV,  VI  and  V2  all  close.  The  GIV’s  cease  to  operate  shortly 
thereafter,  leaving  some  NG  in  the  header.  This  gas  is  immediately  vented  via  the  vent  valves  on 
the  GFCV  and  on  the  NG  supply  line  external  to  the  unit  so  that  no  natural  gas  lines  within  the 
engine  skid  remain  pressurized  at  any  time  except  when  the  engine  is  operating  on  it. 

4.3  Control  Air  System 

Most  working  parts  of  the  conversion  are  pneumatically  actuated  and  require  a  reliable 
source  of  compressed  air.  The  largest  single  requirement  for  compressed  air  is  for  actuation  of 
the  GIVs.  These  require  15  SCFM  so  that  a  larger  compressor  (30  SCFM  vs.  the  original  15 
SCFM)  with  a  similarly  sized  air  storage  tank  (240  SCF  at  225  psi)  was  installed  on  the  MUSE 
unit  (the  compressor  installation  is  described  in  Section  4.5).  Air  from  the  compressor  first 
passes  through  a  filter,  regulator,  and  air  lubricator  (Fig.  4-13).  One  branch  of  the  air  line  then 
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passes  directly  to  the  GIVs.  Figures  4-14  and  4-15  show  a  pictorial  of  the  air  hose  connections 
and  details  of  the  routing  of  the  air  to  the  GIVs.  Item  2  of  Figure  4-14  shows  a  second  air 
supply  line  going  to  the  Air  Supply  Cabinet  (ASC)  out  of  which  air  control  hoses  emanate  to 
provide  actuating  air  to;  the  diesel  ram  (item  3),  the  pilot  fuel  stop  (item  4),  the  vent  valve  on  the 
GFCV  (item  5),  and  the  GCOV  (items  6  and  7).  Items  8  through  1 1  indicate  additional  air  hose 
routes  are  left  to  the  installer  to  determine  after  the  locations  of  the  components  connected  by 
them  are  fixed.  Details  of  the  air  supply  tubing  for  the  GIV’s  are  shown  on  Figure  4-16,  and  the 
internal  arrangement  of  the  ASC  is  shown  on  Figure  4-17.  A  schematic  diagram  for  the 
mounting  bracket  for  the  ESC  and  ASC  is  shown  on  Figure  4-18  and  photographs  of  them 
mounted  are  provided  on  Figure  4-19. 

4.4  Air  Throttle 

The  air  throttle  is  a  device  that  is  used  to  control  the  amount  of  combustion  air  available 
to  the  engine.  It  provides  a  means  of  operating  the  engine  at  increased  efficiency  at  reduced 
loads  and  is  located  at  the  turbocharger  inlet.  Figure  4-20  compares  the  original  turbocharger 
installation  with  that  of  the  installation  that  includes  the  air  throttle.  Figure  4-21  provides 
photographs  of  the  modified  installation. 

4.5  Engine  Cooling  System 

The  engine  cooling  system  has  been  enhanced  by  adding  a  cooling  water  circuit  to  send 
part  of  cold  water  stream  exiting  the  radiator  directly  to  the  inlet  of  the  aftercoolers  (Fig.  4-22). 
This  is  to  'provide  greater  cooling  of  the  combustion  air  than  is  normally  obtained  and  allows 
operation  of  the  engine  in  the  natural  gas  mode  at  increased  power  levels.  The  added  water 
circuit  requires  the  use  of  an  aftercooler  water  pump,  and  to  further  enhance  cooling  of  the 
combustion  air,  an  ECI-designed  6-pass  aftercooler  is  used  to  replace  the  standard  2-pass 
aftercooler.  The  new  aftercoolers  (Fig.  4-23)  are  designed  so  that  counter  flow  is  accomplished 
on  both  sides  of  the  engine.  The  coolers  are  installed  following  the  guidelines  found  in  the  EMD 
maintenance  manual  for  the  standard  aftercoolers.  A  140-gpm  pump  is  used  for  the  aftercooling 
circuit. 

Installation  of  the  new  cooling  water  pump,  along  with  the  new  air  compressor,  is  shown 
on  Figures  4-24  through  4-27.  The  original  air  compressor  and  air  tank  had  to  be  replaced  with 
ones  of  greater  capacity  and  structural  strength.  A  place  to  mount  the  water  pump  also  had  to  be 
found.  Therefore,  a  mormting  plate  capable  of  supporting  both  was  designed.  Figure  4-24a  and 
24b  show  the  original  air  compressor  mounting  configuration  and  the  final  one  with  both  air 
compressor  and  water  pump  installed.  Figure  4-25  shows  the  support  platform  supported  at  four 
positions  by  the  compressed  air  tank,  by  two  channel  iron  leg  supports  mounted  on  the  side  I- 
beam  of  the  unit,  and  be  a  fourth  support  leg.  Figure  4-26  and  4-27  pro-vide  specifications  for  the 
compressed  air  tank  and  platform,  the  support  legs,  and  the  platform. 
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4.6  Sensors 


Sensors  are  provided  for  a  variety  of  measurements  (Fig.  4-28).  It  is  important  that  they 
operate  properly.  Out-of-specification  measurements  are  warning  signs  indicating  either  engine 
malfimction  or  improperly  fimctioning  sensors.  In  either  case,  they  may  indicate  dangerous  or 
hazardous  conditions  and  cause  the  engine  to  terminate  operations.  Figures  4-29  and  4-30  show 
the  installation  of  several  of  the  sensors  described  below. 

4.6.1  Thermocouples.  Thermocouples  are  fitted  one  per  cylinder  through  the  engine 
manifold.  They  are  used  to  monitor  the  temperature  of  the  exhaust  gas  coming  firom  each 
cylinder  as  a  primary  indication  of  proper  cylinder  performance. 

4.6.2  Water  Temperature.  A  bad  or  partially  failed  sensor  will  be  displayed  by  the 
ECU  as  an  error. 

4.6.3  Control  Air  Pressure.  Control  air  is  provided  hy  the  compressor  at  200  to  240 
psi.  It  is  then  reduced  in  pressure  by  the  pressure  regulator  to  the  control  range  of  125  to  135  psi. 
Pressures  more  than  4  psi  outside  of  this  range  cause  the  umt  to  shut  down. 

4.6.4  Flywheel  Sensors.  The  flywheel  sensor  apparatus  consists  of  three  sensors 
mounted  on  a  bracket  over  the  fl3^heel,  along  with  sensor  targets.  The  two  sensors  provide 
timing  information  to  the  ECU.  These  are  positioned  to  sense  1/4-inch  targets  embedded  in  the 
flywheel,  and  their  output  is  used  to  synchronize  the  natural  gas  sequencer  with  the  cam  shaft  for 
timing  injection  of  natural  gas  into  the  cylinders.  The  third  sensor  is  positioned  directly  over  the 
teeth  of  the  ring  gear  and  uses  the  gear  teeth  as  targets  to  determine  flywheel  speed. 

4.6.5  Air  Box  Temperature.  The  air  box  temperature  is  monitored  to  sense 
temperatlir’es  that  become  too  high  (>200°F)  and  which  can  lead  to  engine  knocking  when 
operating  in  the  natural  gas  mode. 

4.6.6  Air  Box  Pressure.  Air  box  pressure  is  an  indication  of  turbocharger  (TC) 
fimction.*  Low  air  box  pressure  (<  14  psi)  indicates  that  the  turbocharger  is  still  probably  being 
driven  directly  by  the  engine.  Higher  pressures  (>  17  psi)  indicate  sufficient  exhaust  gases  (at 
higher  engine  loads)  to  cause  the  TC  to  disengage  firom  the  engine  and  to  be  driven,  solely,  by 
the  exhaust  gases.  The  latter  results  in  more  efficient  engine  operation. 

4.6.7  Natural  Gas  Sensors.  These  include  the  temperature  and  pressure  sensors,  the 
delta  pressure  sensor,  and  the  delta  pressure  transducer.  These  monitor  the  condition  of  the 
natural  gas  upstream  of  the  GFCV  before  being  admitted  to  the  gas  header  along  with  its  flow 

rate  to  the  engine. 

4.6.8  Gas  Header  Pressure.  The  gas  header  pressure  measures  the  pressure  of  the 
natural  gas  to  the  end  of  the  header  farthest  from  the  supply.  A  mh^um  level  must  be 
maintained  to  continue  engine  operation.  Excessive  pressure  indicates  gas  injector  malfunction. 
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4.7  Natural  Gas  Safety  System 

Several  approaches  are  used  to  ensure  safe  natural  gas  (NG)  operation  of  the  MUSE  unit. 
These  include  both  hardware  additions  and  modifications  and  operational  changes.  Natural  gas 
consists,  mostly  of  methane,  a  colorless,  odorless,  non-toxic  gas.  The  familiar  “odor  of  gas” 
often  smelled  is  not  that  of  methane,  but  of  small  amounts  of  sulfur-containing  compounds 
added,  specifically  to  provide  the  pungent  odor.  This  is  a  safety  feature  provided  by  all  natural 
gas  suppliers,  the  odor  being  noticeable  at  very  small  concentrations. 

The  main  concern  with  natural  gas  is  that  when  it  is  mixed  with  air  at  concentrations  of 
between  5  and  15  percent  of  NG  by  volume,  it  forms  a  combustible  mixture.  If  such  a  mixture 
should  form  in  a  space  it  would  be  subject  to  an  explosion  if  confronted  by  an  adequate  ignition 
source.  As  all  110  volt  electrical  circuits  (and  many  circuits  of  less  voltage)  provide  ignition 
sources  sufficient  to  initiate  a  natural  gas  explosion,  and  as  many  such  circuits  exist  'within  the 
MUSE  engine  enclosure,  the  approach  taken  for  ensuring  a  safe  environment  has  been  to  ensure 
that  the  NG  concentration  within  the  engine  space  'will  never  reach  the  level  of  an  explosive 
concentration.  This  has  involved  ensuring  adequate  ventilation  of  the  engine  space  along  with 
the  installation  and  operation  of  a  gas  detection  system.  The  fact  that  NG  is  lighter  than  air  and 
has  a  strong  tendency  to  rise  away  from  the  source  of  any  leak  is  helpful  in  achieving  this 
objective. 

Appendix  A  includes  an  analysis  and  recommended  design  modifications  and  operational 
procedures  to  ensure  the  safe  operation  of  this  dual  fuel  conversion.  This  study  was  undertaken 
by  a  fire  safety  consulting  firm  with  particular  expertise  in  the  handling  of  natural  gas  within 
enclosed  areas.  The  recommendations  of  that  study  were  incorporated  into  the  design  and 
operating  characteristics  of  this  dual  fuel  conversion. 

Figure  4-31  shows  a  cutaway  side  'view  of  the  MUSE  unit  indicating  NG  pipe  routing  and 
safety  features  included  in  that  piping  run,  and  Figure  4-32  is  a  plan  "view  showing  air  flows 
within  the  engine  compartment  to  prevent  the  accumulation  of  NG  explosive  concentrations. 
The  venting  rate  of  the  compartment  is  such  that  even  with  a  severed  NG  supply  line, 
concentrations  of  NG  ■within  the  engine  compartment  would  not  reach  an  explosive  level, 
assuming  that  the  exhaust  blower  is  properly  functioning.  System  interlocks  prevent  the  entry  of 
NG  into  the  engine  compartment  (ECU  controlled)  unless  the  exhaust  blower  is  sho-wn  to  be 
operating,  unless  air  flow  gauges  show  that  adequate  venting  is  actually  taking  place,  and  unless 
the  natural  gas  detection  system  shows  the  absence  of  any  measurable  concentrations  of  an 
explosive  gas.  The  shutdown  level  is  set  at  10  percent  of  the  LEE  (lower  explosive  limit  for 
NG).  This  allows  for  the  presence  of  some  hydrocarbon  vapors  from  greases  and  oils  within  the 
unit  but  pro'vides  a  conservative  monitoring  level  for  the  presence  of  NG  from  any  leaks  in  the 
NG  system.  Figures  4-33  and  4-34  show  the  installation  of  the  NG  sensors  and  connecting 
conduits  and  wiring. 

4.8  Electrical  System  and  Controls 

A  pictorial  view  of  the  main  features  of  the  electrical  and  control  system  is  shown  on 
Figure  4-35.  The  two  main  electrical/control  cabinets  are  the  engine  control  unit  (ECU)  and  the 
air  service  cabinet  (ASC).  An  analog  termination  box  is  also  sho'wn.  The  basic  wiring  scheme 
for  the  system  is  indicated  on  Figure  4-36  which  shows  16  "wiring  runs,  12  of  which  (numbers  1, 
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3,  4,  5,  7,  10,  11,  12,  13,  14,  15,  and  16)  are  contained  within  conduits  (flex  or  hard).  The 
nimiber,  size,  and  type  of  wires  within  each  run  are  indicated  and  each  wire  carries  an 
alphanumeric  designation. 

The  wiring  design  is  laid  out  in  a  manner  so  that  wire  harnesses,  assembled  at  the  factory, 
can  be  pulled  through  the  conduits  and  attached  to  terminal  strips.  Conduits  from  the  ECU  lead 
to  (a)  the  operating  system  status  screen,  (b)  the  analog  termination  box,  and  (c)  the  ASC.  The 
conduit  leading  from  the  ECU  to  the  ASC  actually  contains  several  distinct  wire  harnesses  for: 
(a)  GIV  control  for  admission  of  natural  gas  to  each  cylinder,  (b)  control  functions  to  the  existing 
engine  control  panel  (ECP)  and  the  switchgear  (SG)  house,  (c)  the  control  harness  solenoids 
within  the  ASC,  (d)  electrical  signals  to  the  ECP  for  actuating  the  water  pump,  and  (e)  for 
controlling  and  receiving  signals  from  the  gas  detection  system. 

4.8.1  Engine  Control  Unit.  The  ECU  controls  all  major  functions  of  the  dual  fuel 
engine  operating  system.  It  is  an  electronic  device,  and  consideration  should  be  given  to  the 
ambient  temperatures  of  its  proposed  location  to  prevent  unnecessary  overheating.  Otherwise,  its 
location  may  be  at  any  place  within  the  engine  generator  housing  that  is  convenient  for  gathering 
the  engine  operating  data  and  for  exercising  its  control  function. 

Figure  4-37  provides  a  block  diagram  of  the  electrical  control  signals  entering  and 
leaving  the  ECU  and  Figure  4-38  shows  the  physical  layout  of  the  inside  of  the  ECU.  Wiring 
connections  internal  to  the  ECU  are  shown  on  Figure  4-39  and  ECU  digital  inputs,  analog  inputs, 
digital  outputs,  and  GIV  outputs  are  shown  on  Figures  440  to  4-43.  Schematic  diagrams  of  the 
switchhouse  connections  and  wire  harnesses  are  shown  on  Figures  4-44  and  4-45.  Terminal 
connections  within  the  ASC  and  the  analog  termination  box  are  shown  on  Figure  4-46. 
Additional  drawings  of  wiring  harnesses  are  shown  on  Figures  4-47  to  4-50. 

4.8.2  Air  Service  Cabinet  and  Engine  Control  Panel.  The  internal  components  of  the 
ASC  are  discussed  in  Section  4-3  and  electrical  wiring  hookups  were  discussed  in  the  sub¬ 
section,  above.  Photographs  of  wiring  within  the  ECU  and  ASC  are  shown  on  Figure  4-51. 
Photographs  of  the  ECP  modifications  are  shown  on  Figure  4-52. 

4.8.3  GIV  Wire  Harness.  The  GIV  wire  harness  leads  from  the  ASC  to  the  upper  deck 
(under  the  valve  cover)  where  it  is  divided  into  two  segments  for  either  side  of  the  engine 
(Fig.  4-53).  It  has  leads  to  each  cylinder  for  both  operating  the  solenoid  valves  to  admit  natural 
gas  and  for  monitoring  the  temperature  of  each  valve  (valve  temperature  switch  (VTS)). 

4.9  Switchgear,  External  Power  Hookups  and  External  Communications 

All  hardware  electrically  linking  the  diesel  generator  with  the  activity  is  located  in  the 
switchgear  house.  Interconnects  between  the  engine  house  and  the  switchgear  (Fig.  4-54) 
include,  (a)  the  3-phase  4,160-volt  power-carrying  conductors,  (b)a  40-wire  umbilical 
interconnecting  cable  for  transmitting  engine  and  electrical  control  data,  and  (c)  a  second 
umbilical  containing  12  shielded  triads  (20-gauge)  for  communication  between  the  ECU  and 
remote  sites  and  for  electrical  control  of  the  NG  sensors  mounted  in  engine  house  by  the 
hazardous  gas  control  module  moimted  in  the  switchgear  house.  The  second  umbilical  includes 
signal  wire  for  five  telephone  connections.  Two  of  these  are  for  separate  signals  for  starting  and 
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stopping  of  the  unit  from  a  remote  site.  Two  dedicated  lines  are  used  for  this  pmpose  to  avoid 
the  possibility  of  interrupted  telephone  service  interfering  with  control  of  the  umt.  The  three 
other  lines  are  used  for  transmitting  operating  data  to  the  remote  site  control  center  and  to  other 
off-base  sites  by  modem.  Interconnects  between  the  switchgear  house  and  the  base  are  the 
power-carrying  cables  contained  in  4-inch  underground  conduit  and  a  telephone  interconnecting 
cable  carried  by  a  1-inch  underground  conduit. 

Electrical  wiring  connections  to  and  within  the  switchgear  house  are  described  in  the 
schematic  diagrams  referred  to  in  Section  4.10.  Photographs  of  the  switchgear  installation  are 
shown  in  Figure  4-55. 

4.10  Modification  of  MUSE  Schematic  Drawings 

The  impact  of  the  modifications  discussed  above  on  existing  MUSE  schematic  drawings 
has  been  incorporated  into  those  drawings  as  indicated  in  Appendix  B.  Such  modified  drawings 
have  been  identified  by  the  designation  DF  (dual  fuel)  appended  to  the  original  drawing 
numbers. 
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DUAL  FUEL  HEAD 


DUAL  FUEL  PISTON 


Figure  4-1 .  Cross  section  of  an  ECI  dual  fuel  power  pack. 

(Used  by  permission,  Energy  Conveniojjs,  Inc.,  USA.,  1996.) 


Figure  4-2.  Installation  of  gas  inlet  valve  (GIV)  with  natural  gas  and  actuating  air  hoses.  (Cont’d.) 

(Used  by  permission,  Energy  Conversions,  Inc.,  USA.,  1996.) 
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Figure  4-3.  Installation  of  cylinder  relief  valve. 

(Used  by  permission.  Energy  Conversions,  Inc.,  U.SA.,  1996.) 
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Figure  4-4.  Pilot  fuel  stop  assembly  installed, 

(Used  by  permission,  Energy  Conversions,  Inc.,  U.SA.,  1996.) 


Figure  4-5.  Engine  modification  components.  (Cont’d.) 


(f)  Air-actuated  pilot  fuel  stop  assembly  and  governor  output  linkage  to  GFCV. 


Figure  4-5.  Engine  modification  components.  (Cont’d.) 
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load  blocks,  and  cylinder  relief  valves  installed. 


gine  modification  components.  (Cont’d.) 


6 


Figure  4-6.  Plan  view  of  natural  gas  piping 
and  components. 

(Used  hypermission.  Energy  Conversions,  Inc.,  U.SA.,  1996.) 


A.  Gas  header 

B.  Load  blocks 

C.  Crossover  header 

D.  Crossover  hose 

E.  Gas  flow  control  valve  (GFCV) 

F.  Gas  cutoff  valve  (GCOV) 

G.  Differential  pressure  sensor 

H.  Pipe-O-ring  hose  flange 

J.  Regulator  1  External  to  engine 

K.  Manual  shutoff  house  (See  Figs.  4-7 
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Figure  4-7.  Natural  gas  piping  components  external  to  MUSE  unit. 


(b)  Two  air-actuated  ball  valves,  150  psig  relief  valve  with  a  4-inch 
vent  tube,  filter,  and  air-actuated  valve  to  vent  NG  line. 

Figure  4-8.  Natural  gas  (NG)  supply  line  and  components. 


4-19 


(c)  Compressed  air  tank 
removed  inside 
radiator  room. 


(d)  NG  line  welded 
in  place  in 
radiator  room. 


Figure  4-8.  Natural  gas  (NG)  supply  line  and  components.(Cont’d.) 


(f)  NG  line  rises  to  top  of  engine  compartment  and  enters  metering  run. 


Figure  4-8.  Natural  gas  (NG)  supply  line  and  components.(Cont’d.) 
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(h)  and  completed.  Mass  flow  meter  is  added  for  test  purposes  in 
addition  to  standard  differential  pressure  measurement. 


Figure  4-8.  Natural  gas  (NG)  supply  line  and  components.  (Cont’d.) 


mm 


(k)  Load  blocks  and  NG 
header  installed. 


Figure  4-8.  Natural  gas  (NG)  supply  line  and  components.  (Cont’d.) 


Ga^crassdm  header 


;aching  gas  line  to  GFCV. 

tergy  Conversions,  Inc.,  USA.,  1996.) 
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Figure  4-11.  The  GFCV  is  mounted  adjacent  to  governor. 

(Used  by  permission,  Energy  Conversions,  Inc.,  U.SA.,  1996.) 


Figure  4-12.  Gas  header  to  cylinders. 

(Used  hypermission.  Energy  Conversions,  Inc.,  U.SA.,  1996.) 
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Figure  4-13.  Compressed  air  supply  ASC  and  usage  schematic. 

(Used  by  permission,  Energy  Conversions,  Inc.,  U.SA.,  1996.) 


IVafer  Flow  Control  Valve 


Figure  4-14.  Pictorial  of  air  hose  connections. 

(Used  by  permission.  Energy  Conversions,  Inc.,  USA.,  1996.) 
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Ref 


Ref 


Description 


No. 


Air  shutofi"  valve 

13 

Fitting  valve  to  hose 

14 

Fitting  oiler  inlet 

15 

Hose  assembly 

16 

Filter 

17 

Regulator 

18 

Oiler 

19 

Mount  bracket  assy. 

Fitting:  connector 

21 

Fitting  tee 

1  22 

Description 


Bushing 
Fitting  test  point 
Fitting  nipple 
Fitting  oiler  outlet 
Fitting  adapter 
Hose  assy. 

Fitting 

Fitting:  male  branch  tee 
Fitting:  union  elbow 


No. 

Description 

23 

Fitting:  SS  custom  nipple 

24 

Tube  engine  -front  left 

25 

Tube  engine  -  front  right 

26 

Tube  engine  -  center  jumper 

27 

Tube  engine  jumpers 

28 

Fitting 

29 

Hose  assembly 

30 

Fitting  -  GIV  AIR  w/filter 

Fitting:  union  tee 


Figure  4-15.  Schematic  diagram  of  air  tubing  to  GIV’ s. 

(Used  by  permission,  Energy  Conversions,  Inc.,  USA.,  1996.) 
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(a)  Connection  to  load  blocks. 


(b)  Route  around  cylinder  relief  valves. 


Figure  4-16.  Routing  of  GIV  tubing  for  compressed  air. 

(Used  by  permission.  Energy  Conversions,  Inc.,  U.SA.,  1 996.) 
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Note:  Air  Service  Cabinet. 


Ref. 

No. 

Ref 

No. 

Description 

Ref 

No. 

1 

n 

Mounting  block 

13 

Nut 

mm 

Magnet  valve 

Fitting 

14 

Lockwasher 

Mounting  block 

■9 

Press,  control  valve 

16 

Diode 

Kl 

Mounting  block 

■■ 

Terminal  block 

17 

Toggle  switch 

WM 

Fitting 

m 

Support 

18 

Pressure  Regulator 

Figure  4-17.  Internal  Arrangement  of  ASC. 

(Used  by  permission,  Energy  Conversions,  Inc.,  U.SA.,  1996.) 


4-31 


(c)  Mounted  on  freestanding  support  bracket  to  allow  engine 
generator  set  housing  cover  to  be  removed. 


Figure  4-19.  ECU  and  ASC  mounted  in  engine  house.  (Cont’d.) 
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(b)  Installation  complete  with  air-actuated  positioner. 


Figure  4-21 .  Photographs  of  air  throttle  installation. 
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Figure  4-22.  Schematic  diagram  of  enhanced  cooling  system. 

(Used  by  permission,  Energy  Conversions,  Inc.,  U.SA.,  1996.) 


Figure  4-23.  Aflercooler  installation. 


(a)  Original  air  compressor 
mounted  longitudinally 
on  air  tank  (interior  view). 


(b)  New  air  compressor  (rear) 
and  water  pump  with  suction 
and  outlet  water  lines  installed 
(exterior  view). 


Figure  4-24.  Mounting  of  air  compressor  and  water  pump. 
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Figure  4-26.  Specification  for  replacement  compressed  air  storage  tank. 


4gure  4-26.  Specification  for  replacement  compressed  air  storage  tank.  (Coi 


Figure  4-27.  Specifications  of  tabi 
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Figure  4-27,  Specifications  of  table  for  pump  and  compressor  support. 
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and  compressor  support. 


gure  4-28,  Sensors  for  dual  fuel  conversion. 

(Used  by  permission,  Energy  Conversions,  Inc.,  U.SA.,  1996.) 
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Figure  4-30.  Dual  fuel  sensors. 
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Figure  4-40.  Digital  signal  inputs  to  ECU. 

(Used  by  permission,  Energy  Conversions,  Jnc.,  U.SA..  1996.) 


3 


2 


EM( gas) 


o 

to 

GS301N  o 


tM(qas)  ^ 


Di  esei 
^  Mode 


Legend 

ASC-Ai  r  Ser  vice  Gobi  net 

CA“Col  d  Ai  r  si  gnal 

CM-Engi  ne  Mode  (Gas/Diesel) 

EN-£  nobi e  Gas  r  el  ay 

FF-f  on  FI  ow  si  gnol 

FOP--Fuel  Oil  Pressure  Sw 

LD--Leak  Detection  si  gnol 

ONL-On  Line  request 

SE-Sy ncr  oni  ?er 

VTS-Vol  ve  lenrperature  Sw 


EnobI e  Gos  si  goal 
(EN) 

2  O— \r-0  10  — 

(2.6)  — 
I 

9  (2.3), 1  (7-^) 

cHh^>^ 


Schemotic  of  Gos  Conversion  system 
ECU  di  gi  (  ol  i  nput  6 


Drow,  Notre  USNSYS2.GC0  e 

ri  -  6/02/9-S 

;>  ECl  >  f _ 

ApplicotiOfi  MP40  ^ 

10/27/94  - -  SPJ 

Energy  Conversions  inc 


Dwn,  by  pq. 

SPJ 


ECU. 

.  ]996.) 


IN  DOUBl,  ASK 


00  NOT  SCALE 


HI 

i 

!  NEX1  ASST 

TOlCRANCtS 
.X  OeOUALS 
.XX  OEOUALS 
.XXX  OCOMALS 
rfMCbOMS  ±1/16' 

ANCltS  ±0.5' 


°U$NSYS2.gcd 


WWCM  KL«0  K  MACK 

txv  CJf _ 

SAicfACroirr  TO 


1u>«W0 
cawwoc  otricrB 


OCMAttCNT  at  tHT  MAVr  NUHL  tACArTCS  CMCVCCMMC  COUMMC 

NAVAL  fACILtTlES  ENGINEERING  SERVICE  CENTER 

PORI  tIUCNEUC.  CAlirORMM  930A.\ 

DUEL  FUEL  1500  KW 
CONVERSION  OF  DIESEL  POWER  PLANT 
SCHEMATIC  OF  CAS  CONVERSION  SYSTEM 
ECU  DIGITAL  INPUTS 
SI2t'T“ix«  ttNT  1*0  I  NUWAC  MAwke  VO 


F  80091 


Figure  4-41 .  Analog  signal  inputs  to  ECU. 

(Used  hy  permission.  Energy  Conversions,  Inc.,  U.SA.,  1996.) 
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(b)  Internal  view  of  ASC 


Figure  4-5 1 .  Photographs  of  controller  modifications. 
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(a)  GrV  wire  harness  from  ASC  to  engine. 


(b)  Wiring  connections  for  GlV-actuating  signal  and  for  temperature 
monitoring  of  GIV. 


Figure  4-53.  GIV  electrical  hookup. 

(Used  by  permission.  Energy  Conversions,  Inc.,  U.SA.,  1996.) 
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(a)  Switchgear  installed  and  wiring  in  place. 


Figure  4-55.  Photograph  of  gas  conversion  components  in  switchgear  house. 


(b)  Switchgear  control  panel. 


(c)  Added  selector  pushbuttons 
and  indicating  lights  for  gas 
conversion. 


Figure  4-55.  Photographs  of  gas  conversion  components  in  switchgear  house.  (Cont’d.) 
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(h)  Hazardous  gas  controller  module 


1.. m 

(i)  Controller  module  installed  and  wired  in  to  two  hazardous  gas  sensors  in  engine’house 


Figure  4-55.  Photographs  of  gas  conversion  components  in  switchgear  house.  (Cont’d.) 
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5.0  OPERATIONAL  PROCEDURES 


Operation  of  the  converted  dual  fuel  MUSE  engine  generator  set  can  be  by  either  diesel  or 
diesel/natural  gas  mode  of  operation.  It  can  be  controlled  from  the  on-site  engine  control  panel 
(ECP)  or  switchgear  panels  (SGP)  or  from  a  remote  site.  It  can  operate  as  either  a  stand-alone 
electrical  generating  station  or  be  synchronized  with  and  provide  power  to  an  electrical  grid  at 
4,160  volts. 

5.1  Diesel  Only  Operation 

Diesel  operation  can  be  by  (a)  manual,  (b)  local  automatic,  or  (c)  remote  automatic 
control.  Manual  operation  utilizes  the  existing  ECP.  Selector  switches  on  the  ECP  (Fig.  4-2(b) 
are  appropriately  set  for  manual  diesel  operation.  The  engine  is  started  and  brought  to  speed  by 
the  operator  who  must  verify  temperature,  pressure,  engine  speed,  and  other  measurements  as  the 
unit  warms  and  is  brought  to  operating  speed.  The  unit  is  then  synchronized  with  the  power  grid 
(voltage,  frequency,  and  phase  angle),  the  breaker  is  closed,  and  the  unit  is  loaded  to  the  desired 
power  level.  All  of  these  manual  operations  are  performed  in  the  same  manner  as  for  a  MUSE 
diesel  engine  generator  that  has  not  been  converted  to  dual  fuel  operation. 

The  addition  of  the  ECU  as  part  of  the  installation  of  the  dual  fuel  system  has  made  it 
possible  to  operate  the  unit  in  a  completely  automatic  mode.  The  automatic  mode  of  operation  is 
also  set  by  selector  switches  on  the  ECP.  In  this  mode  of  operation  the  actuation  of  a  single 
‘start’  switch  initiates  the  sequence  of  actions  required  to  proceed  through  all  steps  to  start  the 
engine,  close  the  electrical  breaker  to  the  electrical  grid,  and  load  the  unit.  Actuation  of  the  ‘stop’ 
switch  causes  the  reverse  of  this  procedure  and  brings  the  unit  to  a  stop. 

The  actions  that  take  place  during  remote  automatic  control  are  identical  to  those  for  local 
automatic  control  with  the  exception  that  the  ‘start’  and  ‘stop’  switches  are  at  a  remote  location 
and  that  an  additional  computer  status  screen  is  provided  at  the  remote  site.  The  details  for  using 
the  automatic  mode  of  operation  are  discussed  in  the  sections  below. 

5.2  Natural  Gas  (Dual-Fuel)  Operation 

Natural  gas  operation  refers  to  dual-fuel  operation  where  approximately  95  percent  of  the 
fuel  required  to  run  the  engine  generator  set  is  provided  by  natural  gas.  About  5  percent  is  diesel 
fuel  that  is  used  as  an  ignition  source  for  the  natural  gas  charge. 

Natural  gas  operation  requires  automatic  control.  Manual  ‘local’  control  is  not  an  option. 
This  is  because  operation  in  the  natural  gas  mode  requires  several  operations  in  the  startup  and 
run  routines  that  are  essential  but  are  not  easily  performed  in  the  manual  mode.  It  is  also  because 
automatic  operation  serves  to  ensure  that  conditions  for  which  safety  interlocks  are  provided  for 
natural  gas  operation  are  satisfied  prior  to  natural  gas  firing.  The  engine  is  always  started  in  the 
diesel  mode  and  only  after  the  engine  has  been  started  and  reaches  a  speed  of  900  rpm  (the  normal 
operating  speed  is  900  rpm)  is  the  unit  transferred  to  natural  gas  operation.  Similarly,  the  engine 
automatically  transfers  from  natural  gas  to  diesel  operation  at  900  rpm  before  coming  offline. 
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When  the  unit  is  on-line  and  generating  power,  it  may  transfer  from  natural  gas  to  diesel 
operation  for  any  of  several  ‘faults’  that  can  arise.  If  a  fault  corrects  itself  during  the  course  of 
the  operation  a  return  to  natural  gas  operation  can  automatically  occur.  Other  faults  may  cause 
permanent  transfer  to  diesel  operation  or  may  cause  immediate  shutdown  of  the  unit.  Transfers 
from  diesel  operation  to  natural  gas,  and  the  reverse,  normally  occur  automatically  and  without 
interruption  of  power  generation. 

« 

5.3  Automatic  Control 

The  autostart  flow  chart  is  shown  on  Figure  5-1.  Autostart  can  be  initiated  from  either  a 
remote  site  or  from  the  ECP.  Several  software  routines  and  parameters  are  included  in  the 
autostart.  Nine  time-parameters,  indicated  in  the  lower  right-hand  comer  of  Figure  5-3,  indicate 
the  various  time  intervals  involved  in  the  startup  procedure.  In  Step  2,  after  receiving  a  ‘Start’ 
request.  Autostart  first  verifies  that  the  engine  is  not  mnning.  A  leak  detection  system  check  is 
then  made  in  Step  3  to  ensure  that  no  combustible  species  are  present  in  the  air  space  of  the 
engine  house.  The  exhaust  fan  is  then  turned  on  and  an  air  flow  measurement  is  made  to  verify 
proper  operation  of  the  exhaust  blower.  At  that  point  the  main  gas  valves  (VI  and  V2,  see 
Fig.  4-7)  and  the  GCOV  Fig.  4-10)  are  opened  briefly  to  charge  natural  gas  to  all  of  the  lines 
downstream  of  VI  and  V2.  VI  and  V2  are  then  closed  and  the  pressure  in  the  downstream  line  is 
monitored  for  T3  seconds.  No  change  in  pressure  indicates  that  gas  line  integrity  is  adequate  to 
proceed.  GCOV  is  then  closed  and  VI  and  V2  are  opened.  At  this  point  the  controller  walks  the 
engine  through  its  normal  start-up  procedure  by  pre-lubing  it,  sounding  the  starting  alarm,  barring 
the  engine  for  T6  seconds,  and  after  a  check  to  ensure  that  all  parameters  are  in  their  proper 
ranges  for  starting  as  indicated  by  the  Ready-to-Start  (RTS)  relay,  cranking  the  engine  (Step  16). 
After  starting,  the  controller  ramps  the  engine  up  to  operating  speed  with  continuous  signals  to 
the  governor  (GUP).  At  900  RPM  the  synchronizer  is  enabled  and  the  generator  is  brought  into 
synchronous  operation  with  the  electrical  grid  by  utilizing  feedback  signals  from  the  synchronizer 
to  the  controller.  These  signals  cause  adjustment  of  engine  speed  by  providing  signals  to  the 
governor  (GUP  or  GDN).  The  electrical  breaker  to  the  grid  is  closed  upon  synchronization  and 
the  controller  then  proceeds  to  increase  the  electrical  load  on  the  generator  until  it  reaches  the 
desired  operating  level  (normally  1,500  kW).  The  engine  automatically  changes  to  NG  operation 
as  the  load  passes  through  300  kW. 

Any  of  several  reasons  will  cause  the  engine  to  be  stopped.  These  include  the  detection  of 
a  hazardous  gas  within  the  engine  space,  a  failure  of  the  exhaust  fan,  the  opening  of  a  valve 
temperature  switch,  or  receipt  of  a  ‘Stop’  signal.  Other  faults  may  cause  operation  of  the  engine 
to  shift  to  diesel  fuel  operation  until  any  out-of-specification  variables  return  to  acceptable  values. 

5.3.1  Autostart  Software.  Software  functions  important  to  the  automatic  starting  and  mnning 
of  the  engine  generator  set  are  discussed  below. 
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Basic  Gas  Engine  Operation.  This  routine  defines  the  engine  mode  so  that  it  Avill  switch 
to  gas  operation  if  all  prescribed  variables  are  in  order.  The  controller  monitors  all  engine,  gas 
system,  and  electrical  parameters  to  ensure  that  each  is  in  the  prescribed  range  for  gas  operation. 
Out-of-range  parameters  may  cause  the  engine  to  automatically  switch  to  diesel  operation  until 
the  variable  returns  to  an  acceptable  value. 

SY.  This  routine  enables  the  controller  to  turn  AC  power  on  to  the  synchronizer  and 
causes  the  synchronizer  to  send  signals  to  the  controller  to  speed  up  or  slow  down  the  engine.  As 
electrical  synchronization  is  achieved,  the  synchronizer  causes  the  main  circuit  breaker  to  close. 

ER.  The  engine  run  relay  must  be  opened  to  activate  a  control  circuit  that  keeps  the 
engine  running  Its  closing  causes  the  engine  to  shut  down. 

CNK.  The  crank  engine  routine  energizes  the  start  relay  that  causes  the  starter  motor 
(driven  by  compressed  air)  to  spin.  The  controller  holds  the  start  relay  on  for  a  maximum  of  20 
seconds  with  the  expectation  that  the  engine  will  start  in  that  time  and  that  engine  speed  will 
increase  above  a  threshold  value  of  200  RPM.  At  this  point  the  controller  disables  the  CNK 
signal  and  begins  performing  other  control  fimctions.  If  the  engine  fails  to  start,  the  controller 
attempts  to  again  start  the  engine  after  waiting  for  one  minute  until  the  starting  air  pressure  builds 
to  a  satisfactory  level.  The  controller  again  recycles  through  the  pre-lube  and  engine  barring  steps 
before  attempting  the  restart. 

RTS.  The  ready-to-start  signal  is  required  before  the  engine  starting  sequence  can 
commence.  The  controller  will  wait  for  a  maximum  of  5  minutes  following  initiation  of  the  engine 
barring  procedure  to  activate  an  RTS  signal.  A  longer  time  interval  will  cause  a  fault  to  be 
displayed  and  a  lock-out  from  gas  operation. 

Electrical  Mode  Determination.  This  routine  allows  the  controller  to  determine  whether 
the  unit  is  operating  as  a  single  generating  unit  or  is  paralleled  to  a  buss.  To  accomphsh  this  the 
controller  first  increases  the  speed  set  point  of  the  engine  slightly  while  monitoring  speed  and 
load.  If  load  increases,  the  unit  is  determined  to  be  paralleled  and  the  controller  will  work  to  load 
the  engine  to  its  set  point  power  rating.  If  speed  increases,  the  controller  determmes  that  the  unit 
is  operating  singly  and  will  work  to  maintain  a  engine  speed  of  900  RPM  (equal  to  60  Hz). 

Gas  Pressure  Test.  Before  the  full  gas  supply  is  allowed  into  the  engine  house  the  gas 
pressure  test  must  prove  successful.  An  initial  condition  is  that  the  engine  must  not  be  runmng. 
The  engine  controller  must  then  receive  a  start  signal  either  from  the  remote  control  center  or 
from  the  engine  control  panel.  It  will  then  turn  on  the  ventilation  fan  and  monitor  both  the 
ventilating  air  flow  signal  and  the  leak  detection  signal.  When  both  of  these  responses  are 
satisfactory,  the  controller  will  send  signals  to  open  the  GCOV  and  the  gas  main  valves  (VI  and 
V2).  In  approximately  three  seconds  it  closes  VI  and  V2  but  keeps  GCOV  open.  The  controller 
waits  a  short  period  of  time  for  pressures  to  stabilize  across  the  GFCV  and  then  reads  pressure 
signals  from  the  two  gas  pressure  transducers.  The  readings  must  be  within  5  percent  of  each 
other  and  above  50  PSI.  The  controller  then  waits  60  seconds  and  again  reads  the  two  pressure 
sensor  signals.  The  signals  must  again  be  with  in  5  percent  of  each  other  and  not  more  than  5  psi 
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less  than  the  first  reading.  Such  a  test  constitutes  a  passed  pressure  test.  At  that  point  the  GCOV 
is  closed  and  VI  and  V2  are  opened  in  anticipation  of  running  on  gas.  If  the  test  fails  because  no 
gas  was  admitted  to  the  system,  the  controller  will  start  the  engine  and  operate  it  on  diesel  fuel. 
The  ECU  will  indicate  "Low  gas  pressure... test  failed".  If  the  test  fails  due  to  dropping  gas 
pressure  the  ECU  will  indicate  "Failed  Gas  Pressure  Test".  For  the  latter,  a  site  inspection  and 
system  reset  is  required  before  further  gas  operation.  In  the  event  that  the  ECU  does  not  receive 
satisfactory  signals  for  the  fan  flow  and  leak  detection  measurements,  it  will  indicate  such  and  will 
not  perform  the  gas  pressure  test  and  will  not  start  the  engine. 

GIV  Sequencer.  The  valve  sequencer  board  inside  the  ECU  processes  input  signals  fi-om 
the  flywheel  sensors  and  controls  the  GIV  (gas  inlet  valve)  timing.  The  valve  sequencer  processor 
(VSP)  operates  the  GIVs  when  it  receives  an  enable  signal  fi-om  the  main  controller.  It  then 
returns  a  signal  to  the  main  controller  indicating  that  operation  of  the  GIVs  is  satisfactory.  If  the 
main  controller  asks  for  GIV  operation  and  the  VSP  does  not  return  its  status  operational  signal, 
gas  operation  is  prevented  and  the  main  controller  displays  a  valve  sequencer  fault  on  the  status 
screen. 

The  VSP  is  programmed  to  examine  crankshaft  input  signals  for  clarity  and  operational 
limits.  If  the  VSP  detects  defects  it  will  not  operate  the  GIVs.  However,  the  VSP  is  programmed 
so  that  if  the  signal  defects  are  corrected  it  will  resume  operating.  The  main  controller  determines 
if  too  many  faults  have  been  detected  by  the  VSP  to  continue  gas  operation.  If  gas  operation  is 
unsuccessful  after  a  given  number  of  attempts,  the  main  controller  stops  attempting  to  initiate  gas 
operation.  Causes  of  problems  detected  by  the  VSP  are  displayed  by  four  indicating  lights  on  the 
board  itself  The  door  to  the  ECU  must  be  opened  to  view  these  lights. 

5.3.2  Alarm  Logic.  In  order  for  the  ECU  to  allow  gas  operation  the  conditions  indicated 
on  the  Alarm  Chart  (Table  5-1)  must  be  met.  If  any  of  these  conditions  are  not  met  the  ECU  will 
transfer  operation  to  diesel  operation.  When  the  ECU  determines  that  the  conditions  are  once 
again  within  operating  range,  gas  operation  will  continue.  In  order  for  an  alarm  to  occur,  the 
signal  must  fall  outside  of  either  the  high  or  low  limit.  The  alarm  condition  is  cleared  once  the 
signal  either  rises  above  the  Tow  alarm  clear’  limit  or  falls  below  the  ‘high  alarm  clear’  limit. 
Once  the  alarm  is  cleared,  the  ECU  will  wait  for  a  ‘time  off  after  clear’  period  before  resuming 
gas  operation.  If  too  many  faults  occur  within  a  set  period  of  time  (#  faults  before  long  pause), 
the  ECU  will  wait  for  the  ‘long  pause  time’  before  resuming  gas  operation.  If  this  sequence 
occurs  more  than  ‘max  #  of  pauses  before  lockout,’  the  ECU  will  not  allow  further  gas  operation 
until  the  problem  has  been  resolved. 

5.3.3  ECU  Status  Messages.  The  ECU  decides  when  to  switch  between  diesel  and  dual 
fuel  operation  based  on  predetermined  hmits  for  rpm,  temperatures,  pressures,  sv^dtches,  etc.  The 
status  of  gas  operation  is  displayed  on  the  status  screen.  The  screen  automatically  displays  faults 
and  conditions  as  they  occur.  The  messages  that  appear  on  the  status  screen  and  explanations  of 
them  are  as  follows. 

Values  in  Normal  Range  -  On/Off  Gas.  This  message  will  occur  when  the  ECU  is 
either  on  gas  or  ready  to  go  on  gas  -  all  system  parameters  are  within  acceptable  limits. 
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Abnormal  Values  -  On/Off  Gas.  This  shows  a  list  of  all  values  that  have  exceeded  their 
normal  range.  Some  may  not  be  critical  to  gas  operation  (e.g.,  Ether  left  in  canisters). 

Gas  Operation  Suspended...or  Gas  System  Fault....  Both  of  these  messages  have  the 
same  result  -  the  engine  will  resort  to  diesel  operation.  Gas  Operation  Suspended  indicates  that 
there  is  no  need  for  concern,  (e.g.,  WT  -  100.0  shows  that  the  ECU  is  waiting  for  the  water 
temperature  to  rise.)  Gas  System  Fault  indicates  that  the  engine  is  not  operating  properly 
(e.g.,  WT  -  210.0  would  indicate  that  the  water  temperature  is  above  safe  operating  limits.)  The 
engine  will  resume  gas  operation  when  the  value  falls  returns  to  an  acceptable  range. 

ECU  Locked  Out  on  Faults.  This  shows  that  the  ECU  has  determined  that  too  many 
faults  of  one  kind  have  occurred  and  that  the  engine  will  not  run  on  gas  until  the  problem  has  been 
fixed.  After  the  problem  is  remedied,  use  the  ALT  and  HOME  buttons  on  the  status  screen  to 
acknowledge  the  fault. 

Long  Pause  in  Process.  The  ECU  has  determined  that  a  longer  period  of  time  than  usual 
is  needed  before  re-attempting  gas  operation.  Use  the  ALT  and  HOME  buttons  on  the  status 
screen  to  shortcut  this  wait  if  it  is  unnecessary. 

Pilot  Stop  Test  Active.  When  the  ALT  and  the  PG  DN  buttons  on  the  status  screen  are 
simultaneously  depressed,  the  pilot  fuel  rams  will  be  activated  if  (1)  The  engine  is  off  gas  and  not 
running,  (2)  the  MR/EN  (enable)  is  off,  and  (3)  the  gas  pressure  is  less  than  25.0  psi 

Pitot  Stop  Test  Canceled.  Occurs  when  one  of  the  above  conditions  is  not  met. 

Replace  Ether  Canisters.  This  indicates  that  there  is  less  than  30  seconds  of  ether  left  in 
the  canisters  and  that  they  should  soon  be  replaced. 

Reset  the  Ether?  When  the  Ether  canisters  for  the  cold  start  system  are  replaced,  the 
ECU  should  be  informed  that  the  canisters  are  full.  This  is  done  by  simultaneously  depressing  the 
ALT  and  PGUP  buttons  on  the  status  screen.  To  confirm  the  resetting,  press  the  PGUP  button. 

Attention  -  ECU’s  SBC-53  Battery  Low.  This  is  a  rare  message  indicating  a  low  CPU 
battery  that  needs  to  be  reported  to  ECI. 

Initializing  ECU...  This  message  should  appear  on  power-up.  If  it  is  seen  repeatedly,  it 
may  indicate  that  the  power  to  the  ECU  is  inconsistent. 

Initialization  Error.  This  message  indicates  that  the  computer  memory  or  hardware  is 

faulty. 


ECU  Hardware  not  responding. 

the  peripheral  computer  cards  is  faulty. 


IHardware  Fault !  This  message  occurs  when  one  of 
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5.4  The  ECU 


The  ECU  is  a  microprocessor-based  controller  that  controls  main  engine  parameters  such 
as  speed  and  GIV  timing,  monitors  engine  performance,  and  records  and  displays  important 
operating  data  and  engine  diagnostic  data  required  for  maintenance  purposes.  The  ECU  is 
completely  integrated  with  the  existing  ECP  so  that  local  controls  on  the  ECP  can  be  used  as 
originally  intended  for  local  operation,  or  so  that  the  ECU  can  be  used  for  fully  automatic 
operation,  utilizing  the  monitoring  and  control  functions  already  available  on  the  ECP  and 
switchgear  and  adding  to  them,  as  required. 

5.4.1  ECU  Status  Screen.  Data  from  the  ECU  can  be  obtained  on  the  ECU  status 
screen  (Figure  5-2)  located  near  the  ECP.  Information  such  as  exhaust  temperatures,  other 
system  temperatures  and  pressures,  and  gas  system  fault  conditions  can  be  read  from  the  status 
panel  display.  To  reach  the  desired  information  screen,  press  the  page  UP/page  DOWN  buttons 
as  necessary  (Fig.  5-3).  The  panel  can  also  be  used  to  initiate  other  fiinctions,  such  as  air  ram  test 
cycles,  by  pressing  certain  combinations  of  buttons.  (See  the  troubleshooting  section  and 
individual  system  maintenance  sections  below.) 

Figure  5-3  shows,  in  order,  the  titles  of  screens  that  are  available  by  using  the 
PAGE  UP/PAGE  DOWN  buttons.  From  these  menu  titles,  specific  information  needed  for  the  dual¬ 
fuel  engine  can  be  accessed.  To  access  fault  histories,  scroll  PAGE  DOWN  through  the  items  listed. 
To  skip  fault  histories,  scroll  PAGE  DOWN  through  the  items  listed,  or  use  the  PAGE  UP  button. 
Other  button  sequences  for  control  of  the  status  screen  are  as  follows: 

ALT  +  PG  DN  =  Rack  Stop  Test 

ALT  +  HOME  =  Acknowledges  an  Alarm 

ALT  +  PG  UP  =  Ether  reset  (new  ether  canisters  have  been  installed) 

The  HOME  button  will  return  the  screen  to  ECl,  ALL  VALUES  unless  a  fault  exists,  then 
HOME  will  take  you  to  FAULT/CONDITION. 

5.4.2  Computer  Interface.  The  ECU  can  be  connected  to  an  IBM  compatible  computer 
through  its  serial  communication  port.  The  computer  (a  laptop  for  example)  can  display  more 
information  at  one  time  than  is  available  on  the  status  screen.  The  computer  may  also  be  used  for 
retrieving  data  files  that  the  ECU  has  recorded. 

The  ECU  may  have  its  operational  parameters  adjusted  through  the  serial  port  by  making 
changes  to  one  of  its  control  files  and  loading  the  new  code.  The  door  of  the  ECU  must  be 
opened  in  order  to  gain  access  to  the  serial  port  connector  on  the  SBC  V53  control  board.  ECI’s 
software  must  be  used  to  communicate  with  the  ECU.  Table  5-2  provides  guidance  for  using  a 
laptop  computer  to  communicate  with  the  ECU. 

5.4.3  Using  LCD  Screen  Editor.  Simple  changes/adjustments  in  the  files 
CONTROL.TXT  (which  stores  values  of  operating  parameters  for  the  ECU,  Table  5-3)  and 
ALARM.TXT  (which  stores  parameter  values  for  alarm  settings)  can  be  modified  without  the  use 
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of  a  laptop  by  using  the  LCD  screen  buttons  (Note;  To  effectively  use  this  editor  the  user  needs 
to  be  trained  by  the  supplier  of  the  ECU  (ECI)  to  ensure  a  full  understanding  of  the  effects  of  the 
changes  being  made.) 

This  editor  can  only  be  used  when  the  unit  is  not  running  on  gas  and  when  ECU 
functions  are  not  otherwise  needed.  The  following  steps  apply. 

1 .  After  starting  the  editor  the  screen  will  display  a  list  of  *.TXT. 

2.  Move  through  the  files  with  the  Up/DowN  buttons  and  select  a  file  with  the 

Home  button  to  get  into  the  edit  mode. 

3.  Edit  mode  controls; 

•  Up  and  Down  buttons  move  up  and  down  through  file 

•  Down/Home  together  to  move  right 

•  Up/Home  together  to  move  left 

Up  and  Down  together-  toggles  between  moving  through  the  file  and 
character  change  mode  (large  blinking  cursor). 

When  in  character  change  mode.  Up  and  Down  buttons  change  the 
character  at  the  cursor. 

•  ALT  button  to  exit  and  save 

4.  When  finished,  the  ECU  will  automatically  reset  and  run  the  control  program. 

5.  If  left  imattended  for  several  minutes  the  editor  will  stop  and  the  ECU  program 

will  start  automatically. 

5.4.4  ECU  Dial-Up  Software.  Table  5-4  describes  the  hardware  requirements,  computer 
set-up,  the  files  used,  and  the  control  keys  for  accessing  the  ECU  from  a  remote  location. 
Figure  5-4  shows  one  of  the  screens  available  as  graphic  output  at  the  remote  location  along  with 
the  nomenclature  that  applies  to  the  entries  on  this  screen. 

5.4.5  Static  Protection  Precautions.  Generally,  the  ECU  chassis  should  not  be  opened 
unnecessarily.  If  a  troubleshooting  procedure  requires  work  to  be  done  inside  the  ECU,  static 
electricity  protection  procedures  must  be  followed.  The  following  points  should  be  observed 
when  working  inside  the  ECU  or  handling  circuit  boards; 

•  Turn  off  the  system  power  before  any  connectors  or  boards  are  removed  or  installed. 
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•  Put  on  a  static  grounding  wrist  strap  such  as  3M  model  2210  before  installing  circuit 
boards  or  checking  internal  ECU  connections.  Wrap  the  Velcro  strap  around  one 
wrist  and  clip  the  lead  to  the  metal  chassis  of  the  ECU.  Be  sure  the  lead  stays  clipped 
to  the  chassis  during  the  work. 

•  Do  not  remove  circuit  boards  from  static  protective  packaging  until  just  before 
installation. 

•  Place  replaced  circuit  boards  in  static  protective  packaging  and  return  to  ECI. 
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Autostart  Flowchart 


Global  Conditions: 


Figure  5- 1 .  Autostart  flowchart. 

(Used  by  permission,  Energy  Conversion,  Inc.,  U.S.A.,  1996.) 


5-9 


i 


101 

wait  for 
signal 

onl ino  or  start 
to  be  renewed 

Figure  5-1.  Autostart  flowchart.  (Cont’d.) 
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Fault/  Condition 


TO  ECU 


Figure  5-2.  ECU  status  screen. 

(Used  by  permission.  Energy  Conversion,  Inc.,  U.SA.,  1996.) 


Figure  5-3.  ECU  status  screen  page  sequence. 

(Used  by  permission,  Energy  Conversion,  Inc.,  U.SA.,  1996.) 


MOVE  PAGE  UP  TO  SKIP  FAULT  HISTOFIIES 


In  the  View  program  the  keys: 


FI  -  show  the  analog  sensors  in  the  bottom  window 

F2  -  show  the  average  screen  in  the  bottom  window  L  -  toggle  logging  on/off  -  this  will  record  the 
data  into  the  file  ECU.LOG 
[ESC]  -  quit  the  program 

[Space]  -  while  in  playback  mode,  to  step  through  a  log  file 


Figure  5-4.  Screen  one  of  remote  computer  readout. 
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Description  of  the  screen  elements: 

Digital  Inputs  Bits: 

Enab  -  Gas  run  enable  switch  -  needs  to  be  on  for  gas  operation 
VSS  -  Valve  sequencer  status  -  will  be  on  when  running  on  gas 
PSS  -  Power  Supply  Status  -  turns  off  if  the  power  supply  is  faulty 
VTS  -  Valve  Temperature  Switch  -  trips  off  if  a  gas  valve  overheats 
RTS  -  Ready  To  Start  -  turns  on  affer  baring  engine 
ST  -  Start  -  momentary  start  button 

REM  -  Remote/Local  switch  -  turns  on  when  in  remote,  off  in  local 
ONL  -  Online  request  -  requests  engine  to  be  online  while  in  remote  mode 
ALD  -  Autoload  -  ECU  will  autoload  engine  in  local  mode  if  up 
GUP  -  Governor  Up  signal 
GDN  -  Governor  Down  signal 

SDR  “  Shut  Down  Relay  -  turns  off  to  shut  down  engine 
ALM  -  Engine  Alarm  signal 

BRK  -  Breaker  -  turns  on  when  synchronizer  closes  the  breaker 
FAN  -  turns  on  when  fan  runs 

C  A  -  Cold  Air  Relay  -  turns  on  when  cold  air  system  is  on 
EDS  -  Leak  Detection  System  -  turns  off  if  a  gas  leak  is  detected 
CON  -  Condition  -  a  condition  has  occurred  that  prevents  gas  operation 
FLT  -  Fault  -  a  fault  has  occurred  that  prevents  gas  operation 

Digital  Output  Bits: 

DCR  -  Diesel  Control  Ram  -  when  on  this  energizes  the  Diesel  Control  Ram 
GRl  -  Gas  run  1  -  enables  gas  to  flow  to  the  gas  injectors 
RK2  -  Rack  Stop  #2  enable 
RK3  -  Rack  Stop  #3  enable 

VSE  -  Valve  Sequencer  Enable  -  ECU  turns  this  on  to  enable  the  valve  sequencer 

FAN  -  Fan  enable  -  starts  the  ventilation  fan 

ER  -  Engine  Shutdown  -  picks  up  the  ER  relay  on  generator 

CAR  -  Cold  Air  Relay  enable 

ETH  -  Ether  Injection  -  injects  ether  into  engine  during  startup 
PRE  -  Prelube  -  starts  the  prelube  pump 

ALM  -  Alarm  -  echoes  the  ALM  input  and  sounds  a  start-up  warning  hom 

BAR  -  Bar  engine  during  autostart 

GUP  -  Governor  up  -  echoes  the  GUP  input  during  autostart 

GDN  -  Governor  down  -  echoes  the  GDN  input  during  autostart 

CNK  -  Crank  engine  -  energizes  the  starter 

SYN  -  Synchronizer  enable  -  enables  synchronizer  during  autostart 
BRK  -  Trip  Breaker  - 

GMN  -  Gas  Main  -  when  on,  this  opens  the  main  gas  valve  outside  the  generator  compartment 


SCFM  -  gas  flow  in  Standard  Cubic  Feet  Per  Minute 

RPM  -  engine  speed 

HP/KW  -  horsepower  &  kilowatts 

Air  Valve  -  position  of  the  air  throttle  valve 

GasT  -  Gas  Temperature 

WatT  -  Jacket  Water  Temperature 

AbxT  -  Air  Box  Temperature 

AmbT  -  Ambient  Temperature 

CJCT  -  Cold  junction  compensation  temp,  for  thermocouples 

DifiFP  -  Gas  Differential  Pressure 

GasP  -  Gas  Supply  Pressure 

AbxP  -  Air  Box  Pressure 

CtAP  -  Control  Air  Pressure  for  gas  valves 

HdrP  -  Gas  Header  Pressure 

Kwatt  -  Kilowatts 

C1-C16  -  Exhaust  Temperatures  for  each  cylinder 
Avg  -  average  exhaust  temperature 

The  upper  right  hand  window  shows  the  on/off  gas  status  along  with  other  important  occurrences. 


Figure  5-4.  Screen  one  of  remote  computer  readout.  (Continued) 
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Table  5-1.  Alarm  Setting  Criteria 


Name 

Description. 

gas 

operation 

affected 

low 

limit 

low 

alarm 

clear 

_ 

high 

alarm 

clear 

high  limit 

time  off 
after  clear 

#  faults 
before  long 
pause 

long 

pause 

time 

max  if 
pauses 
before 
lockout 

WT 

145F 

195F 

200F 

10  Sec. 

10  in4hr 

4hrs. 

1 

GT 

gas  temperature. 

5F 

170F 

10  Sec. 

1 

ABxT 

air  box  temp. 

Yes 

84F 

95F 

185F 

210F 

10  Sec. 

1 

AmbT 

ambient 

air  temp. 

No 

n/a 

125F 

n/a 

n/a 

n/a 

Tufa. 

CJCT 

cold  junction 
temperature 

No 

n/a 

n/a 

120F 

180F 

n/a 

n/a 

n/a 

n/a 

GasP 

70psi 

115psi 

10  Sec. 

1 

aAP 

control  air 
pressures. 

Yes 

llSpsi 

123spi 

138psi 

147psi 

10  Sec. 

15  in  2hr 

2hr 

1 

HdrP 

header  pipe  prs 

Yes 

n/a 

20psi 

75psi 

20  Sec 

10in2hr 

Ihr 

2 

DifP 

differential 

pressures 

Yes 

n/a 

30psi 

32psi 

30  Sec 

2 

AbxP 

air  box  pressure 

Yes 

n/a 

19psi 

22psi 

20  Sec 

10  in  2hr 

Ihr 

2 

RPM 

engine  speed 

Yes 

770rpm 

880rpm 

915rpm 

925ipm 

10  Sec 

2hrs 

KW 

Killowatts 

Yes 

300 

1650 

1700 

20  Sec. 

10  in  2hrs 

Ihr 

2 

AFMix 

air/fuel  mix  ratio 

Yes 

n/a 

3.8:1 

6.5:1 

2  hrs 

15 

Ptest 

autostart 
pressure  test 

Yes 

must  pass  test  during 

autostart 

ExhAv 

average  exhaust 
temp 

Yes 

250F 

300F 

1200F 

1250F 

2 

MR/EN 

gas  enable 

Yes 

signal  must  be  on 

1  Sec. 

n/a 

n/a 

n/a 

Fan 

ventilation  fan 

Yes 

fan  must  stay  on 

30  Sec. 

10  in  2hrs 

2hrs 

1 

Vseq 

valve  sequencer 

Yes 

signal  must  stay  on  when  running  on  gas 

2 

LDS 

leak  detection 
system 

Yes 

a  leak  is  indicated  if  the  signal  is  off 

10  Sec. 

1  in  Imin 

Imin 

2 

CA 

cold  air  feedback 

Yes 

must  stay  up  if  cold  air  relay  is  energized 

5  Sec. 

2 

PowS 

power  supply 
status 

power  supply  is  faulty  if  signal  is  off 

5  Sec. 

2  in2hrs 

1 

ALM 

gen.  set  alarm 
signal 

0 

n/a 

SDR 

shut  down  relay 

Yes 

when  signal  is  off,  the  engine  is  shutting  down 

1  Sec 

10  in  2hrs 

2hrs 

1 

VTS 

valve 

temperature 

switch 

Yes 

when  the  signal  is  off,  a  valve  has  overheated,  if 
in  90  seconds  the  signal  doesn’t  turn  on  the 
engine  will  shut  down 

20  Sec 

50  in  2hrs 

2hrs 

2 
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Table  5-2.  Laptop  Communications  with  the  ECU 


1)  Connecting  to  the  ECU 

To  communicate  with  the  ECU  use  a  null-modem  cable  connected  to  the  serial  port  (Com1  or 
Com2)  of  your  laptop  or  PC.  The  other  end  is  connected  to  the  SBC53  rack  card's  connector 
J1  inside  the  ECU. 

2)  Establishing  communications  with  COMM.EXE 

First,  go  to  the  directory  in  which  COMM.EXE  resides  (probably  c :  \ws).  If  you  are  hooked  to 
Comi  then  type  comm  [enter]  .  If  you  are  hooked  to  Com2  type  comm  /Com2 .  The  ECU 
communicates  at  2400  Baud.  Check  the  baud  rate  at  the  bottom  of  the  screen  to  see  If  COMM 
is  also  communicating  at  2400  Baud.  If  not,  press  [alt+b]  successively  to  change  the  baud 

rate  to  2400. 

To  stop  the  ECU  from  running  control  code  and  to  get  into  DOS,  press  [esc]  .  You  should 
see  the  DOS  prompt  B :  \ 

You  may  now  use  many  familiar  DOS  commands  such  as  dir,ren,  copy,  type . 

To  exit  COMM,  press  [alt+x] 

3)  File  Transfers 

To  transfer  a  file  from  the  laptop  to  the  ECU  type  (from  the  B:  drive): 

1) TRANSFER  {filename} [ENTER] 

2)  [PAGE  UP]  -  COMM  will  now  prompt  for  a  file  name 

3)  type  in  the  filename  to  transfer  and  [enter] 

4)  select  X  for  the  XMODEM  transfer  protocol 

the  file  will  now  transfer  to  the  ECU  -  a  string  of  ttttt  . . .  will  appear 
To  transfer  a  file  from  the  ECU  to  the  laptop  type  (from  the  B:  drive): 

1) TRANSFER  -S  (filename) [ENTER] 

2)  [PAGE  DOWN]  -  COMM  will  now  prompt  for  a  filename 

3)  type  in  the  filename  to  transfer  and  [enter] 

4)  select  X  for  the  XMODEM  transfer  protocol 

the  file  will  now  transfer  to  the  laptop  -  a  string  of  rrrrr  . . .  will  appear 

4)  Changing  to  a  higher  baud  rate  for  faster  transfers 

For  large  files,  2400  Baud  can  be  slow.  To  speed  up  the  baud  rate  use  BRC.EXE.  Type  brc 
7  [ENTER]  -  this  will  Change  the  baud  rate  to  57600.  Now  press  [alt+b]  until  57600  appears  at 
the  bottom  of  the  screen  and  press  [enter]  to  get  the  DOS  prompt  back  at  the  higher  speed. 

*  Note  -  when  you  start  the  control  code  running  again  the  baud  rate  will  revert  back  to  2400 
baud  automatically 

5)  Files  on  the  ECU  and  what  they  do: 

ECU.BAT  -  start-up  and  contains  the  control  code 

ECUPROG.EXE  -  the  main  control  code  file 

ALARM.TXT  -  holds  gas  system  alarms 

CONTROL.TXT  -  holds  data  prescribing  options  for  the  code 

JAN95.PRF  -  a  daily  performance  file  (gas  use,  KW  hours,  etc.) 

BITTEST.COM  -  utility  to  turn  on  &  off  selected  bits  (type  BITTEST  for  options) 

PWMTEST.COM  -  utility  to  test  the  pulse  width  output  (type  PWMTEST  for  options) 
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Table  5-3.  Listing  of  Computer  File  CONTROL.TXT 
Which  Provides  Reference  Data  for  ECU 


CYLINDERS  (8,12, 1 6,or  20) 

16 

;  Gas  On  &  Off  Sequence  -  timed  sequence  in  100th  of  seconds 
;  gas  valves  are  time  0  -  others  are  timed  after  valves 
i  DieselControl/TNRelay  Bit,  GR/Rl,  R2&3 
ON  SEQUENCE 
50  10  10 

OFF  SEQUENCE  -  same  as  above,  expressed  as  lOOths  of  a  second  before  valves  turned  ofF 
20  30  30 

;  Rack  Stops-  value  1  is  low  threshold,  value  2  is  high  threshold, 

;  S  indicates  RPMxlO,  H  indicates  Horsepower  control 
RACKS  -  Rack  2,  Rack  3 
500  540  H 
4000  6000  S 

;  Cold  Air  Relay  -  if  any  of  these  (hp,gt,wt,abt[throttle])  go  below  their  limit 
;  CAR  will  switch  to  'switch  value' 

COLD  AIR  RELAY  -  On/Off  switch_val  Pacesetter_on/off  HP  GT  WT  ABT[0-8] 

1  0  0  1000  0  12000  1700  1700  1700  1700  1700  1700  1700  1700  1700 

;LEI 

;  engine  needs  to  run  over  'EngineRunning'  RPMxlO  for  20  seconds  to  run  lei 

;  can  also  enable/disable  pacesetter  and  noload  modes  of  LEI 

LEI  -  on/off  EngineRunning  pacesetter(l/0  =  y/n)  NoLoad(I/0  =  y/n) 

0  2000  1  1 

;  Fans  -  successive  #  of  fans  &  hot  engine  signal  are  turned  on  as  wt  goes  above  each  point 
;  Fanl  (tn  0  -  8),Fan2  (to  0  -  8),Fan3  (to  0  -  8),HotEngine  value 
FAN  CONTROL  -  on/off 
0 

1900  1900  1900  1800  1800  1800  1800  1750  1750 
2000  2000  2000  1900  1850  1850  1850  1800  1800 
2050  2050  2050  2000  1900  1900  1900  1850  1850 
2120 

;  Pid 

PID  -  speed  active,  air  active,  excitation  active 
0  1  0 

;  DownRate  Cutlimit  Stepsize  Delay  AfterTransitionResetNotch 
500  6000  20  1  4 

;  setpoints[0-8],  reset[0-8,Air,Exc],  P[0-8,AirP,ExcP],  I[0-8,AirI,ExcI],  D[0-8,AirD,ExcD] 
00  3100  3900  5000  5700  6650  7380  8320  9020  2130  0 
0  5000  7500  12500  13500  15000  17500  18500  20000  19000  5000 
500  25  180  180  180  180  180  180  180  500  100 

30  30  50  60  50  50  50  50  50  500  100 
950  40  170  190  175  150  140  140  140  25  10 


5-16 


Table  5-3.  Listing  of  Computer  File  CONTROL.TXT 

Which  Provides  Reference  Data  for  ECU  (Continued) 


AIR  THROTTLE  prs  setpts  for  0%  25%  50%  75%  100%  of  max  hp  (10th  pid  stpt),  0%  &  100%  pulse 
width  numbers 

80  100  120  130  160  5200  7200 
;  Cold  Start 

COLD  START  -  On/Off,Start  Delay(100th  of  sec),Min  Crank  RPMxlO,  Max  Crank  RPMxlO, 
HysteresisxlO, 

;  Cut  Out  RPMx  1 0,  (ML  of  Ether/sec)x  1 0,  (MLx  1 0  in  a  full  can) 

i  100  250  6000  2000  200  25  8330 

PRESSURE  SCALE 

;full  scale  for  channel  6,7,8,9,10,ll(KWatt  on  gen  set),12,13,14,15 
35  250  30  250  250  2500  1  500  20  20 

IDLE  CONTROL 
0 

THROTTLE  NOTCH 
0 

DIESEL  CLEANOUT 
0 

KVA  INPUT 
1 

ORS  TIME 
0 

THERMOCOUPLE 

J 

KIT  VERSION  0-Navy  1 -Sundowner  2-Locy  ...  add  more  later 
0 

CALLBACK 
ATDT  99222258 


DIGITAL  LABELS 
EN  ,VSS,PSS,VTS,- 


•,RTS,ST  ,REM,ONL,ALD,GUP,GDN, 


sdr,alm,brk,fan,car,lds,- 


DCR,GR1,RK2,RK3,VSE,FAN,ER 

,CAR,ETH,PRE,C0N,FLT,BAR,GUP,GDN,CNK,SYN,BRK,GMN,ALM,— 


AUTOSTART 

;  on/off,  load_setpoint(xl0),  load_maximum(xl0), 

;  timesl-10(energize,stabilize,leak  check, prelube, bar.afterbar, before  synch, retry  crank, cool  down,spare 
;  time  123456789 
;1  15000  times  found  in  chart  tl-t9 
1  15000  17250  3  5  25  30  100  2  15  300  180 
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Table  5-4.  Accessing  the  ECU  From  a  Remote  Location 


(A)  Hardware  requirements; 

IBM  386  or  higher  PC 
2400  baud  modem 
VGA  video  capability 

(B)  Setup:  from  the  floppy  drive  type  install  <ret>  and  follow  instructions  when  asked  for  com 
port  and  phone  number.  The  following  files  need  to  be  installed  on  the  c:  drive:  callecu.bat, 
viewcu.bat,  dialup.exe,  hangup.exe,  and  view.exe. 

(C)  File  functions: 

CALLECU.BAT  -  dials  the  ECU  and  starts  the  VIEW.EXE  program 

VIEW  {filename}  -  replays  a  previously  recorded  log  file  (e.g.  VIEW  ECU.LOG) 

VIEW  [/Coml][/Com2]  -  will  start  the  view  program  when  a  laptop  is  connected  to  the 
ECU  via  a  null  modem  cable.  The  null  modem  cable  needs  to  be  connected  to  the  SBC- 
V53  board  in  the  ECU.  Disconnect  the  serial  cable  from  the  2401  modem  card  and  connect 
the  null  modem  cable  to  the  9-pin  connector  at  the  end  of  the  ribbon  cable.  When  finished 
using  the  laptop,  reconnect  the  ribbon  cable  to  the  2401  modem  card. 

(D)  Within  the  VIEW  program  use  the  following  keys: 

FI  -  to  show  the  analog  sensors  in  the  bottom  window  (Figure  5-4) 

F2  -  show  the  average  screen  in  the  bottom  window 
L  -  toggle  logging  on/off  -  this  will  record  the  data  into  the  file  ECU.LOG 
ESC  -  quit  the  program 

Space  -  while  in  playback  mode,  to  step  through  a  log  file 
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6.0  FIELD  SITE  INSTALLATION,  MAINTENANCE,  AND  TRAINING 


6.1  Site  Requirements 

Site  requirements  for  installation  and  operation  of  the  1,500  kW  dual  fuel  diesel  generator 
set  are  identictd,  with  two  exceptions,  with  those  required  for  the  unmodified  diesel  units.  Those 
two  exceptions  are:  (a)  the  requirements  for  a  natural  gas  supply,  and  (b)  a  capability  to 
communicate  electronically  with  remote  sites  for  the  purposes  of  both  control  and  for  data 
transmission.  The  site  drawing  for  installation  of  the  1,500  kW  unit  at  SUBASE  King’s  Bay  GA 
is  shown  on  Figures  6-1  and  6-2.  The  unit  is  located  across  a  roadway  from  an  existing  boiler 
plant,  and  the  engine  house  and  the  switchgear  house  are  each  located  on  separate  concrete  pads. 
Trenching  was  provided  to  the  unit  for  running  (a)  the  natural  gas  supply  line,  and  (b)  the  diesel 
fuel  supply  line  along  with  a  4-inch  electrical  conduit  for  electrical  power  transmission  cables  and 
a  1-inch  conduit  for  communication  lines. 

6.2  Maintenance  Schedule  and  Procedures 

Maintenance  procedures  for  the  engine  generator  set  for  subjects  other  than  those  directly 
connected  to  the  dual  fuel  conversion  are  the  same  as  those  for  which  standard  maintenance 
procedures  are  already  available  (Ref  6-1).  Several  of  the  subjects  dealing  specifically  with  the 
dual  fuel  conversion  are  discussed  in  Appendix  C.  More  detailed  information  is  available  in 
Reference  4-2.  A  recommended  schedule  for  periodic  maintenance  activities  is  provided  in 
Table  6-1.  The  subjects  addressed  in  the  appendix  are  special  tools,  injector  calibration,  injector 
settings  and  adjustments,  a  recommended  spare  parts  list,  and  a  trouble-shooting  guide. 

6.3  Training 

Training  is  required  in  the  areas  of  both  maintenance  and  operation.  A  major  step  in  this 
direction  was  taken  by  the  decision  to  use  MUSE  personnel  for  installation  of  the  dual  fuel  system 
on  the  MUSE  unit  and  for  its  start-up.  This  established  a  hands-on  familiarity  within  MUSE  of 
the  complexities  of  the  installation  and  of  the  operational  features  of  the  dual  fuel  system.  In  the 
process  of  the  installation  of  this  system  and  its  subsequent  start-up,  the  adequacy  of  the  suppliers 
publications  (Refs  4-1,  4-2,  and  4-3)  for  describing  installation,  operating  and  maintenance 
procedures  was  demonstrated.  Therefore  those  documents  provide  not  only  the  basic  technical 
knowledge  of  the  dual  fuel  conversion,  but  with  supplementary  knowledge  provided  by  ECI 
bulletins  and  by  this  document,  the  background  needed  for  personnel  to  understand  the 
conversion  is  provided.  In  addition,  as  this  dual  fuel  conversion  is  now  being  implemented  by 
other  commercial  users,  a  one  and  one-half  hour  training  video  (Ref  6-2)  prepared  by  ECI,  is  now 
available. 
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Figure  6-1.  Overall  site  drawing  for  installation  of  1,500  kW  dual  fuel  engine  generator  set  at  SUBASE  King’s  Bay,  GA. 
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Figure  6-2.  Schematic  diagram  of  concrete  supporting  slabs  showing  functional  requirements. 


Table  6-1.  Recommended  Maintenance  Schedule 


Insnections 

Freouencv 

Verify  gas  operation 

Daily 

Observe  gas  hours  of  operation  and  log  entries 
of  faults  experienced.  (Available  on  ECU 
information  screen  or  by  remote  phone  Imk.) 

Daily 

Aflercooler  pump 

Weekly 

Inspect  operation 

Lube 

Quarterly 

GIV  oiler  service 

Weekly 

Test  gas  quality 

Monthly 

(Weekly  for  first  six  months) 

Record  gas  filter  differential  pressure 

Monthly 

Inspect  gas  supply  line  and  pipe  fittings  for  leaks 

Monthly 

Inspect  gas  system  leak  detection  system 

Monthly 

Gas  flow  control  valve 

Monthly 

(Spray-lube  the  linkage  swivel  joint  between 
governor  arm  and  gas  flow  control  valve  arm 
in  two  places.  Use  LPS3  or  a  similar  lubricant.) 

Leak  detection  system  sensor  inspection  and  calibration* 

Semi-annually 

Inspect/calibrate  exhaust  thermocouples 

Annually 

Inspect/calibrate  all  other  sensors 

Semi-aimually 

Lubricate  ECU  fan 

Annually 
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Table  6-1.  Recommended  Maintenance  Schedule  (Continued) 


Parts  Replacement 
Gas  Flow  control  valve* 

(Disassemble  valve  and  replace  0-rings  and  seals 
when  engine  is  rebuilt  or  if  it  is  leaking.) 

Change  GIV  actuation  seals 

Gas  cutoff  valve  (replace  0-ring  seals) 

Control  air  regulator 

GIV  gas  lines  (internal  on  engine) 

Gas  inlet  valve  (GIV)  (unit  exchange) 

Aftercooler  coolant  pump  (rebuild) 

Heat  exchanger  zinc  anodes 


Frequency 
5-7  years 

8,000  hours  of  operation 
5  years 
5  years 
5  years 
5  years 
5  years 
5  years 


*  Gas  Flow  Control  Valve  should  not  require  maintenance  on  internal  parts  unless  gas  filter  is  not  serviced 
properly.  The  valve  must  be  kept  clean  and  fi-ee  of  internal  debris  to  function  properly. 
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7.0  CAPITAL  AND  OPERATING  COSTS  OF  THE  DUAL-FUEL  MUSE  GENERATOR 

The  capital  requirements  for  conversion  of  MUSE  engine  generator  sets  to  dual  fuel 
operation  consist  of  hardware  costs,  installation  costs,  and  the  costs  for  an  inventory  of  spare 
parts.  These  are  summarized  in  Table  7-1.  Hardware  costs  are,  largely,  covered  by  the  cost  of 
the  dual  fuel  conversion  kit  provided  by  the  supplier.  This  kit  has  been  developed,  specifically,  for 
generator  sets  using  the  EMD  645  engine,  and  most  hardware  items  that  will  be  needed  for  the 
conversion  are  included.  The  exceptions,  in  the  present  case,  are  caused  by  requirements  that 
result  from  the  special  ‘packaging’  of  the  MUSE  engine  generator  sets  into  mobile  units  required 
by  the  Navy.  These  special  requirements,  and  their  impact  on  the  system  hardware  costs,  are 
identified  in  the  table.  The  costs  for  installation  (labor)  are  estimates  based  both  on  the  labor 
involved  in  the  conversion  of  this  MUSE  unit  and  on  the  conversion  of  subsequent  commercial 

units.  .  •  f  u 

The  cost  per  kilowatt  of  power  for  the  dual  fuel  conversion  is  a  fiinction  of  the  size  of  the 

unit  converted  and  of  the  firaction  of  the  rated  horsepower  at  which  the  engine  is  operated.  The 
data  in  Table  7-2  provide  estimates  of  this  cost  for  retrofitting  existing  MUSE  diesel  generators 
for  dual  fuel  operation,  the  cost  additive  for  including  a  secondary  chamber  ignition  system  in  the 
dual  fuel  system,  and  the  cost  of  replacing  the  MUSE  diesel  generators  with  new,  spark-ignited, 
gas-fired  engine  generator  sets. 

It  is  anticipated  that  the  operating  costs  for  dual  fuel  MUSE  generating  sets  will  be 
substantially  less  than  those  for  diesel  operating  units.  These  savings  are  due,  primarily,  to 
anticipated  fuel  savings,  but  also  due  to  some  labor  savings  as  a  result  of  the  automation  of  the 
operation  of  the  units.  Operational  added  costs  would  result  from  the  requirement  of  maintaining 
some  additional  hardware.  These  costs  are  summarized  in  Table  7-3. 


7-1 


Table  7-1.  Capital  Costs  for  Converting  of  Navy  MUSE 
Generating  Sets  to  Dual  Fuel  Operation 


16  Cylinder 

20  Cylinder 

(1,500  kW) 

(2,500  kW) 

(K$) 

(K$) 

Hardware  costs 

ECI  dual  fuel  kit* 

225 

250 

Supplementary  hardware  costs  for 

12 

14 

MUSE  units* 

Installation  and  startup  (labor,  services)! 

45 

55 

Totals 

282 

319 

Cost/kWJ 

188 

128 

♦ECI’s  dual  foel  conversion  kit  has  been  assembled  to  provide  essentially  all  hardware  components  required  for  this  conversion. 
This  includes  preassembled  wiring  harnesses  ready  to  be  drawn  through  conduits  and  connected  to  their  terminals.  However, 
the  kits  do  not  include  hardware  items  that  are  unique  to  the  MUSE  application.  The  latter  include  a  larger  air  compressor  and 
other  miscellaneous  hardware. 

tinstallation  and  startup  include  700  to  900  hours  of  labor  plus  other  services. 

JThe  cost  effectiveness  of  converting  2,500  kW  units  is  significantly  improved  both  because  the  engine  in  the  2,500  kW 
application  is  required  to  work  at  a  level  much  closer  to  its  rated  horsepower  and  because  the  costs  are  common  to  the  units  and 
of  the  same  amount. 


Table  7-2.  Estimated  Costs  for  Four  Approaches  to  Achieving  Lo-NOx 
Muse  Engine  Generator  Sets 


Approach 

Estimated 
Total  Cost 
(K$) 

Estimated 

Cost/kW 

($) 

I 

EMD  645  dual  fuel  conversion 
(16  cylinder  -  1,500  kW) 

282 

188 

II 

EMD  645  dual  fuel  conversion 
(20  cylinder  -  2,500  kW) 

319 

128 

in 

EMD  645  dual  fuel  conversion  with 
secondary  ignition  chamber* 

(20  cyclinder  -  2,500  kW) 

379 

152 

IV 

New  spark-ignited  natural  gas  engine! 
(1,200  kW) 

425 

354 

♦Based  on  estimated  costs  for  a  secondary  ignition  system  for  the  EMD  645  engine  as  discussed  in  Section  2.0. 
fBased  on  cost  of  new  engines  available  on  the  market  installed  in  the  required  Navy  MUSE  configuration. 
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Table  7-3.  Estimated  Operating  Costs  of  Navy  MUSE  Generating  Sets  (2,500  kW) 
for  Diesel  and  for  Dual  Fuel  Operation 


Diesel  Fuel 
(K$) 

Natural  Gas 
(K$) 

Fuel  cost/1,000  hrs.  operation* 

210 

92 

Operating  labor  (daily  start/stop)t 

8 

1 

Maintenance  adder  for  natural  gas 

5 

10 

Totals/ 1,000  hrs.  of  operation 

223 

103 

Totals/1,000  hrs.  of  operation 

282 

319 

Energy  cost  (cents/kW-hr) 

8.9 

4.1 

*Fuel  costs  were  calculated  based  on  those  applicable  for  the  dual  fuel  unit  installed  at  SUBASE  King  s  Bay,  GA.  For  that 
installation,  the  equivalent  cost  per  therm  (100,000  Btu’s)  was  .33/theim  for  natural  gas  (including  a  10%  penalty  for  loss  in 


efficiency  for  natural  gas  firing)  and  .75/thenn  for  diesel  fuel. 

fAn  operational  cycle  of  10  hrs/day  of  operation  for  100  days  was  assumed.  A  labor  rate  of  $40. 00/hr  was  assumed. 
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9.0  GLOSSARY 


The  following  abbreviations  have  been  used  to  describe  major  components  of  the  dual  fuel 
conversion  system: 


Abbreviation 

Definition 

ASC 

Air  service  cabinet 

BDC 

Bottom  dead  center 

BTu 

British  thermal  unit 

DF 

Dual  Fuel 

DP 

Differential  pressure 

ECI 

Energy  Conversions,  Inc. 

ECP 

Engine  control  panel 

ECU 

Electronic  control  unit 

El 

Early  injection 

EMD 

Electro-Motive  Division  of  General  Motors  Corporation 

FRL 

Filter/regulator/lubricator 

GCOV 

Gas  cutoff  valve 

GFCV 

Gas  flow  control  valve 

GIV 

Gas  injection  value 

gm/HpH 

grams  per  horsepower-hour 

LCI 

Late-cycle  injection 

LDS 

Leak  detection  system 

LEI 

Low  emission  idle 

LEL 

Lower  explosion  hmit 

LNG 

Liquefied  natural  gas 

MUSE 

The  Navy’s  mobile  utilities  support  equipment 

NG 

Natural  gas 

NOx 

Nitrogen  oxides  (nitric  (NO)  and  nitrogen  dioxide  (NO2) 

RPM 

Revolution  per  minute 

SCAQMD 

South  Coast  Air  Quality  Management  District 

SCF 

Standard  cubic  foot 

SCFM 

Standard  cubic  foot  per  minute 

SCR 

Selective  catalytic  reduction 
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Abbreviation  Definition 
SG  Switchgear 
SGP  Switchgear  panels 
SNCR  Selective  non-catalytic  reduction 
SwRI  Southwest  Research  Institute 
TDC  Top  dead  center 
VTS  Valve  temperature  switch 
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Appendix  A 


LETTER  REPORT  REGARDING  FIRE  SAFETY  MEASURES  FOR 
CONVERSION  OF  USN  MUSE  DBESEL-GENERATOR  UNITS  FROM  DIESEL 

TO  NATURAL  GAS  FUELING 
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GAGE-BABCOCK  &  ASSOCIATES,  INC. 

SAN  FRANCISCO  OFFICE  •  1990  NORTH  CALIFORNIA  BLVD.,  SUITE  200  •  WALNUT  CREEK,  CA  94596  •  (510)  930-8000 

FAX  (510)  930-0433 

THOMAS  W.  JAEGER.  PE,  President 
JOHN  E.  WOYCHEESE.  PE,  Principal 

July  12, 1994 


Mr.  Norman  Helgeson 
Mechanical  Engineer 
Eneigy  and  Environment  Department 
Naval  Civil  Engineermg  Laboratoiy 
Port  Hueneme,  CA  93043 


Subject:  Letter/Report  Regarding  Fire  Safely  Measures  for  Conversion  of  USN  MUSE 

Diesel-Generator  Units  from  Diesel  to  Natural  Gas  Fueling 


Dear  Mr.  Helgeson: 

The  report  given  below  examines  the  measures  necessaiy  to  provide  a  reasonable  level  of  fire 
safety  in  portable  diesel  engine  driven  diesel-generator  units  to  allow  for  the  addition  of 
natural  gas  fuel  capability.  The  suggestions  given  are  conceptual  in  nature  and  do  not 
constitute  a  detailed  design  documents  such  as  would  be  necessaiy  for  equipment 
installation. 

Introduction 


The  Navy  is  currently  employing  several  diesel-generator  units  for  mobile  and  emergency 
power  uses.  The  skid-mounted  units  are  to  be  converted  from  diesel  to  natural  gas  fuel  to 
minimize  exhaust  emissions.  This  report  contains  findings  and  recommendations  of  a  &e 
safely  study.  It  analyzes  measures  needed  to  provide  a  reasonable  level  of  safety  against 
the  hazard  of  fire  or  explosion  due  to  the  release  and  subsequent  ignition  of  natural  gas 
inside  the  diesel  generator  housing. 

This  study  was  requested  by  Mr.  Norm  Helgeson  of  the  Naval  Facilities  Engineering  Service 
Center  (FESC).  It  was  conducted  under  the  direction  of  Jack  Woycheese,  P.E.,  Princi{^. 
Field  work,  evaluation  and  report  writing  was  conducted  by  Ralph  Kerwin,  P£.,  Senior 
Engineer.  A  field  walkdown  was  conducted  on  July  7,  1994.  Attending  the  walkdown  were  Mr. 
Helgeson,  Master  Chief  Petty  Officer  Ron  Kluender,  Chief  Petty  Officer  Jim  Riley,  Mr.  Rand 
Drake,  PO-1  A1  Willey  and  PO-1  John  Love.  Gage-Babcock  and  Associates  gratefully 
acknowledges  the  assistance  of  the  above  personnel  and  Mr.  Scott  Jensen  of  ECI  in  providing 
technical  information  used  for  this  assessment. 


Summary  of  Recommendations 

Based  on  a  review  of  drawings  and  technical  information,  together  with  field  observation, 
Gage-Babcock  and  Associates  concludes  that  electrical  classification  of  the  D-G  enclosure 
is  not  required,  providing  that  the  following  measures  are  observed: 
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1.  Provide  welded  or  threaded  gas  supply  piping.  The  use  of  flanged  or  bolted  fittings 

should  be  minimized  (and  eliminated  if  feasible).  All  piping,  fittings  and  valves 

should  be  rated  for  a  minimum  of  150  psi.  Bubble  test  joints  under  full  design 

pressure. 

2.  Provide  a  supervised  methane  detector  at  ceiling  level  above  the  engine  (see 
Attachment  1  for  suggested  location.  The  detector  diould  be  rated  for  the  e3q)ected 
air  flow  rates  in  its  suggested  location. 

3.  Provide  an  independent  air  flow  sensor  for  the  fan  to  positively  identify  when  the  fan 
is  operating.  A  dependable  sensor  without  moving  parts  (such  as  a  ventun-style 
device)  is  suggested  for  maintenance  reasons. 

4.  Interlock  die  fan  and  the  methane  detectors  to  shut  down  the  gas  supply  upon  either  of 
the  following  conditions: 

a.  Gas  supply  valve  is  open  and  fan  is  not  running. 

b.  Methane  is  detected  in  a  concentration  greater  tiian  1%  by  volume  in  air  (this 

represents  20%  of  the  lower  flammable  limit). 

5.  Provide  a  self-check  sequence  at  startup.  The  ability  to  activate  non-classified 

(^ark  producing)  electrical  equipment  should  be  contingent  on  a  clear  ^  readmg  from 

the  gas  detectors  following  verification  of  supply  pipe  pressure  integrity  (see 

Attachments  2  and  3). 

6.  Following  engine  stop  signal  and  switchover  to  100%  diesel  fuel  operation,  provide 

for  automatic,  momentary  opening  of  the  gas  cutoff  valve  and  gas  vent  valve  to 

depressurize  gas  p^ing  in  the  engine  enclosure. 

7.  Institute  procedures  and  practices  to  regulate  the  use  of  open  flame  operations  within 

the  engine  enclosure  during  maintenance  operations  and  to  periodically  evaluate 

tightness  of  any  flanged  or  bolted  gas  pipe  fittings. 

8.  Remove  the  two  fan-coti  heaters  from  the  engine  compartment.  If  these  heaters  c^ot 
be  removed,  they  must  be  interlocked  to  shut  down  (and  cool  down)  prior  to  initiation 
of  the  pressurization  test  discussed  in  Item  5  above. 

9.  Bisure  that  adequate  safeguards  are  present  in  the  gas  line  to  prevent  a  single 

failure  (such  as  a  r^ator)  fi-om  overpressurizing  the  gas  supply  line  and  associated 

equipment  above  150  psig. 


Description  of  D-G  Unit 
Enclosure: 

An  easting,  typical  diesel-generator  unit  is  shown  on  Attachment  1.  These  units  have  a 
nominal  output  of  2300  KW.  Each  uses  a  GM  Electro-motive  Division  Model  16-645  E4  engme, 
with  3070  hp.  The  engine  sits  in  an  enclosed  compartment  witii  interior  dimensions  of 
approximately  10  x  10  x  35  feet.  A  separate,  adjacent  compartment  vhich  contains  the 

radiator  is  approximately  10  x  10  x  10  feet  in  enclosed  dimension.  Accounting  for  space 
occupied  by  equipment,  the  available  space  inside  the  engine  comp^ent  is  approxunatefy 
2800  cubic  feet.  Ventilation  within  the  engine  compartment  is  provided  by  a  12,000  cubrc 
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feet  per  minute  (cfm)  ceiling  fan.  At  its  rated  flow,  this  fan  provides  four  air  changes  per 
minute  within  the  enclosure.  The  radiator  compartment  provides  air-cootog  for  a  radiator, 
and  ventilation  rates  are  extremely  high.  Timee  sides  of  the  radiator  enclosure  are 
substantially  open  to  the  passage  of  air.  Attachment  1  shows  major  equipment  locations. 

Proposed  Conversion  to  Natural  Gas: 

The  proposed  conversion  of  the  engine  would  allow  for  dual  fuel  operation,  with  an  option  for 
diesel  piloted  ignition  of  natural  gas.  The  conversion  would  be  conducted  with  equipment 
provided  by  a  firm  such  as  Energy  Conversion  Incorporated  (ECI),  which  has  converted  other 
engines  of  this  particular  make  and  model  for  locomotive  ^plications.  Maximum  natural  gas 
flow  to  engine  under  normal  operating  conditions  would  be  350  scfm  at  100  psig. 


Hazard  Analysis 

The  primaiy  hazard  which  would  exist  due  to  conversion  to  natural  gas  would  be  leakage  of  gas 
from  fittings  in  the  gas  supply  piping  inside  the  engine  enclosure.  Leaks  could  occiff  at 
flanged  or  screwed  fittings,  at  the  individual  load  blocks  or  at  jiunper  hose  fittings  inside 

the  engine  cover.  Sudden  and  catastrophic  faHtu’e  of  a  fitting  is  not  anticipated  tinless 
caused  by  gross  maintenance  error.  Such  an  error  would  be  detectable  through  a  gas  detector 
following  opening  of  the  gas  control  valve  during  startup. 

Natural  gas  is  flammable  in  air  at  concentrations  between  5%  and  15%  by  volume.  The  prim^ 
criterion  for  not  requiring  electrical  area  classification  in  an  enclosure  containing 
pressurized  gas  piping  would  be  that  adequate  ventilation  be  provided  to  ensure  that  a 
significant  quantity  of  methane-air  mixture  could  not  accumulate  in  concentrations  greater 
than  20%.  Based  on  the  fugitive  emissions  calculation  method  of  NFPA  30,  the  existing 
ventilation  rate  is  considered  adequate  to  provide  dilution  for  leaks  of  up  to  150  scfin. 

A  worst  case  scenario  would  be  an  open  1-1/2  inch  fitting  connection  (Le.  open  pipe)  due  to 
maintenance  error.  Such  a  break  would  be  detectable  through  a  pressure  integrity  test 

(described  below),  wdiich  would  involve  a  short  period  of  gas  pipe  pressi^tion  prior  to 
engine  start  up.  The  purpose  of  the  pressure  test  would  be  to  discern  piping  leaks  laiger 

than  could  be  handled  by  the  ventilation  fan  (in  excess  of  150  scfm).  If  a  worst  case  pipe 
disconnection  were  present  in  the  gas  piping,  the  primaty  restriction  to  flow  would  be  the 
throttle  valve,  rated  in  its  closed  position  at  40  Ibs/minute.  During  and  shortly  after  a 

five  second  release  (the  maximum  recommended  pressurization  time  period),  the  possibility 
of  a  flammable  atmo^here  would  exist  During  this  time  period,  ignition  sources  could  be 
controlled  by  operational  means  (not  allowing  exposed  heating  element  operation,  not 
allowing  changes  of  state  in  sparking  devices  such  as  solenoids).  The  existing  exhaust  fm 
consists  of  an  in-line  squirrel  cage  induction  motor  which  drives  an  alinninum  propeller  in 

an  aluminum  hub.  This  fan  is  inherently  ^aik  resistive  and  would  be  considered  suitable  for 
use  to  evacuate  gas  following  such  a  substantial  release. 
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Referenced  Publications 


1.  NFPA  30,  Flammahle  and  Comhustible  Uouids  Code.  1993  Edition,  Appendix  F,  "Fugitive 
Emissions  Calculations 

2.  NFPA  70,  National  Electrical  Code.  1993  Edition,  Anicle  500,  "Electrical 

Classification." 

3.  NFPA  497M,  Manual  for  Classification  of  Gases  ...  for  Electrical  Equipment--.  1991 
Edition. 

4.  AMCA  Standard  99-0401-86,  Classifications  for  Soark  Resistant  Construction. 

If  you  have  any  questions,  please  call  me  at  (510)  930-8000. 

Yours  sincerely. 
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ATTACHMENT  3 

SELF-CHECK  SEQUENCE  FOR  GAS  PffING  INTEGRITY 


The  following  sequence  of  events  describes  activities  which  should  be  directed  by  the  Engine 

Control  Unit  (ECU)  prior  to  engine  pre-lube  and  subsequent  start  up  activities: 

1.  Check  gas  detector  to  verify  no  detection  of  gas  above  tiie  \%  by  volume  threshold  (20% 

LFL). 

2.  Turn  on  exhaust  fan  and  verify  operation  by  independent  air  flow  sensor. 

3.  ECU  initiates  following  activities: 

a.  Close  normally  open  vent  valve  in  gas  supply  line  (Vj  in  Attachment  2). 

b.  Freeze  all  electrical  operations  requiring  the  use  of  spaik  producing  devices 

(relays,  etc.).  Turn  off  any  air-heating  coils  within  the  engine  enclosure. 

c.  Open  main  gas  valve  (VJ  and  gas  cutoff  valve  (GCOV)-  If  relay  activation  in 

the  ECU  is  necessary,  provide  non-spaiidng  relays  for  tiiese  operations. 

d.  After  five  seconds  (maximum),  close  main  gas  control  valve  (Vi). 

e.  After  a  brief  time  delay  (say,  30  seconds),  verify  Aat  gas  pressure  sensor 

indicates  a  pressure  of  at  least  80  psi  (Note:  Individual  cylinder  valves  may 
allow  leakage  of  gas  into  cylinders  for  pressures  above  85  psig,  resulting  in 
a  rapid  decline  in  pressure  fi’om  line  pressure  to  85  psig.) 

f.  If  pressure  declines  below  80  psi  or  if  gas  detector  indicates  presence  of  gas 

over  1%  by  volume,  abort  startup  sequence  and  give  trouble  signal  to  remote 

location.  Close  main  gas  cutoff  valve  (Vj)  and  open  gas  vent  valve  (Vj). 

g.  Otherwise,  unfreeze  electrical  operations  in  engine  enclosure,  close  cutoff 

valve  (GCOV)  and  proceed  with  pre-lube  operation. 
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SCHEMATIC  DRAWINGS  OF  DUAL  FUEL  1,500  kW  CONVERSION  OF  DIESEL 
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MfeTAL  TAG 

•auuuuciato2“ 

4U 

tyrbiSTa 

4A-IW 

CABLE 

AUUTEE  (40  COUf5’»l4AWG ,  J^OOVOLT) 

4S 

5tl5iS 

2  Peon  oca 

OUST  CAP 

‘ISSS"  _  __  ___ . _ 

44 

2 

5U53^ 

RP€Mt33-33 

»  -sitwtI  plug 

VIS^V"  (5S WIZE,  59  POLE . FEMALE') 

45 

( 

CABLE  ASSY- 

CABlE-H-"- AUUUUCIATCI2  tlTEMiaS-yW) 

42 

Z 

30607 

metal  tag 

'126VDC  PCWIER  c-MEEG.  LTS." 

4) 

57672 

4A-I0O4 

CABLE 

AUDtTSR  (aCOUaPiOAWG*  CbOOVOLT^ 

do 

^ 

5U55S 

CPKiS 

Oust  cap 

CJUMSi 

MIUOS 

59 

» 

5U53S 

APJ3476S22 

PLUG 

(awieE,4POL6,  female) 

39 

1 

5U55*7 

APJ  '.475 

PLUG 

CaNi2E,4P0L£.MALE) 

57 

1 

CABLE  ASSY 

CABLfG"'-  ttSVfXPW«  LEMtI.UGITl  (ITim5>44) 

5G 

1 

60607 

metal  tag 

“SHORE  POWER* 

56 

BfT 

H022.Ife 

CABLE 

MOU5TOU  (5COUD  »2AWG  wh^lOGRa) 

54 

1 

|SU53S 

-CPKU4 

DUST  CAP 

CXOU^fi 

Mmo*i 

55 

1 

1055*! 

APJI04775</5Z2l  PLUG 

(4Wie£,420t£.FEMAl£  Orr«£T  TtJfl 

52 

■L 

CABLE  ASSY 

CABLE SWORE  POWER trTEM5iri5) 

51 

1 

(RC  MOVED) 

50 

(REMOVED) 

29 

(REMOVED) 

26 

(REMOVED) 

27 

( REMOVED) 

zu 

(  REMOVED) 

zt 

2 

aOCOTT 

METAL  tag 

*1201240  VAC  STATION  POWER* 

£4 

57611 

4A-0fe05 

CABLE 

AUIXTEZ.  CBCowa  lcovolt) 

25 

2 

5U53“I 

cne.^z 

OUST  CAP 

MIUDS 

22 

\ 

buiafl 

APJ6575S2 

2  1  PLUG 

(5  WIRE  .  S  POLE  , female) 

ti 

jH 

Stl5^ 

APJU575 

PLUG 

(3Wia£  .SPOLE ,  MALE^ 

to 

1 

CABLE  ASSY 

CArtuk“n“-i20jt4O  VAC  STA»Pwe  (HEMStO  t*) 

19 

z 

80GO7 

metal  tag 

‘460  VAC  STATiOU  PCWEZ** 

to 

con 

5WO 

W02214 

CAtSLE 

HOUSTDM  (  3 COLD.  "'GAWG  Ml  \  12  GEa^) 

17 

z 

5U33i 

CP<54 

DUST  CAP 

CRoosa 

H*MOi 

)G 

1 

5US5®1 

APJC455ST2 

PLUG 

( 5  W  RE.  4  POLE  ,  female.) 

15“ 

±_ 

5U53S 

APJU46*) 

PLUG 

(SWIRE, 4  POLE, MALE') 

14 

-L 

CABLE  ASSY. 

CA&LE“C“^4aOVAC  STA,  *?we. 

13 

A 

60G07 

METAL  TAG 

"COUTROL" 

>2 

57672 

0A-I44O 

cable 

A)J)XTE2.  too  COUQ.^14  WVG. ,  GOO  VOLT) 

M 

_2_ 

5U53*! 

2P£03S-00fi 

DUST  CAP 

CaOosa 

wiuos  . .  . . 

lO  , 

2 

RP€M133-388 

•PI7HT  t  PLUG 

(59  WI2E ,  Vf  PCL3 .  MALEN 

^  1 

1 

CABLE  ASSY- 

CABLE'rS’*  -  C0UT2OU  (LTEMS  9- 12) 

a  1 

60607 

METAL  TAG 

“INSTRur^EUlATlOM" 

7  1 

un 

5P*!SO 

HI  0303 

CABLE 

WOUSTOU  (8  G?5-T«lSTa)  ‘skaCtO  ?Mt5*?DAiNG) 

G  1 

L. 

OflOSt 

M525042*7 

►aolDUST  CAP 

cauuou 

^  1 

W/A 

Ki/A 

S  1 

T 

30051 

MS3I06F-^ 

M6P)  PLUG 

CAKJWOKi  t20Wlte,20POLE,MAlE) 

! 

Cable  assy. 

CABLt'A*  -ruSTRUMEUATlOVj  (TTEMS  2-7^ 

1 

E 

^AMT  0« 
iOMTwy»*aNa 

^oyCMCUkTvnc  OM 
ot*cwmo« 

(Tm  1 
no. 

1  ^*ms  tisT  H 

76a-DF 


DUEL  fua  1500  nw 
OOMKSA  ff  Hsa  nm  RATS 


ifciBfocWT  n> 
ywtc  cx^,pt»s 

WO»M*W  -Ck'SCH 


F  80091[ 

[mnON? 


-«  6276555 

i*N4740a-89-C-20H 

|»  9  » 


MAVM.  ENOKT  AMO  CNVWONyCNTAL  SUPPORT  ACTIVITY 

_ »MW»K.  CMjrWiM  >1— »  Mi* _ 

OVERHAUL  1500  KW 
DCSEL  POWER  PLANTS 
MTERCONNECTING  CABLES 


CCMTT^CL  ’JklJT  EMO 


ENGlkC^O£^,£?^-T^  ^jjlY  ^jjp 


SWlTCHgEAR  CCUTfiOL  L 


CAMiuON 

•MS  3tOZe-28-lfeS  ^?6CEP^ACLE 
•MS  2504.3-280  Oust  CAP 
n  AMP.  SCO  V  AC 
20  W.?£,  20  ^»Ouc 


cannon 

3I02R-28-J65  )f£C£PTACL£ 
^MS  2504.3*280  oust  CAP 
>3  amp  500  V  AC 
20  W»P6,  20  pole. 


RECEPTACLE'A-INSTRUMENJTATIQM  CABI  f 


CROUSE  HINDS 
•AR1C47  54./S22  Pt 
Pin  iNSERn 
lOOAMP.  iOOV  AC 
4  pole  ,4  Wire 
rPOTATO  ?Z5*) 

RECEPT. 


CROUSE  MN05 

♦RP£233“0t4-5l7wr  RECEPTACLE  [li/CAP 
(SOCKET  INSERT)  ^ 

30AMP.*  250 VAC 
39  WIRE, 29  POLE 


receptacle  B^-COMTI?ni  PAM  F 


ceouse  winds 

•RPE  233-014 '5/7NT  RECEPTAaE  UJ/CAP 
^SOCKET  INSERn 
30AMP.  250 VAC 
39  WIRE ,  39  POLE 


CROUSE  MINOS 
•AR34.7  RECEPTACLE 
(socket  insert) 

90 AMP,  600V  AC 
4  WIRE,  4  POLE 


RECEPTACLE  G' 


CROUSE  MNOS 
•ARfii4d  RECEPTACLE  Ui/CAP 
(SOCKET  I^ERT3 
40  AMP,  style  2 
SWIRE,  4P0U 


CROUSE  HINDS 

*AR4448S22  RECEFTAaE  W/CAP 
(P!M  IWSERD 
^  AMP,  5TYLE2 
3 WIRE,  4  POU 


RECE?TACLE*C~460VAC  STATION  POWER  CASIF 


CROUSE  MINOS 
•»RPe233-OI4'Pl7NT 
(nw  INSERT) 

30  AMP,  2SOV  AC 
39  WIRE,  39  POLE 


RECEPTACLE 


CROUSE  HMDS 

•AR437  eSCSPTACLE  ttl/CAP 

rSOCKCT  mSERT) 

&OAS4P  400  V  AC 
3 WIRE, 3  ^OU 


CROUSE  HINDS 

•ArM37S22  receptacle  UJ/CAP 
(PIN  INSERT) 

COAMP,6COY  AC 
3WIRE,  3  POLE 


RECE?*ACLE*D~I20/240V  AC  STAT'OM  POWER  CABLE 


RECE=TflCL£  "J-  CONTROL  CABLE  (ECU) 

SBHE  /JS  RECE:pT73CLE 


receptacle:  "S" 

SAME  AS  RE 


8 


7 


6 


5 


B-Il 


CROUSE  WINOS 

‘ARI047S4/5??  RECEPTAaE  Ul/CAP 
AP  PiM  tN^ECn 

too  AMP.  iOOV  AC 
4  POLE  .AWtRE 
nfOTATHO  *27.5*) 

RECEPTACLEF-SHOgE  POWER  CABLE 


RECEPTACLE  UJ/CAP 


CROUSE  HINDS 
MR  347  RECEPTACLE  Ul/CAP 
(SOCKET  inserts 
SCAMP.  <&OOV  AC 
4  WIRE,  4  POLE 


CROtlSE  WINDS 

•>AR  6347522  RECEPTACLE  ^  CAP 
(PIW  INSERT^ 

SOAMP.C^  V  AC 
4 Wire,  4  pole 


RECEPTACL£V-'?5  V  DC  POWER  s£MEg.  LIQHTlMGi  CABLE 


TAag  Ul^ 


CROUSE  HIMOS 

•RPE233-OI4-PI7NT  RECEPTACLE  U»/CAP 
(flW  INSERT^ 

30  AMP.  TSOV  AC 
39  WIRE.  39  pole 


CROUSE  WINES 

A|eP£733-Ol4.  Pl7KiT  RECEPTACLE  IH/CAP 
(PIN  INSERT) 

30  AMP.TSOV  AC 
39  WIRE. 3*5  POLE 


g£C£Pr>ACL£*M*^AMNUkJCIATOR  CABLE 


E  U/CAP 


.  RECEPTACIX  "S*  COMMUNICATIONS  CABLE 

SAME  A3  RECEPTACLE  ‘'S'*  _ 


T 


[I 

RPE233-0I4- PI7MTlstC£PT«L£ 

CROUS[ 

in 

IBBH 

AR  C347S22  IrECEPTACLEI 

CROUS^. 

5US3PI 

AR347  (receptacle 

CITOUSf 

a 

Bfigggi 

RECEPTACLE 

CIPOUS 

(REMOVED) 

(REMOVED) 

1 

5US39 

ARa>(»37S2Z 

RECEPTACLE 

C80USE 

1 

AR637  (receptacle 

1 

5U33*T 

AR6(i4  8  S  2  2  (receptacle 

1 

5U529 

AR64&  (  RECEPTACLE 

CROUS 

2 

5U53T 

ceou5 

_2 

C403I 

MS  25043 -ZOO 

OU5T  CAP 

CANNO 

CCOOf 

CANNC 

JE 

PKMMO 

■  .  1  |ME35S— 

HH 

B-11 


3 


2 


Clfouse  MINDS 

•AR  63475^2  RECEPTACU 

<Piw  insert^ 
30AMP.<«>Oy  AC 
4. Wire,  AfOue 


/CAP 


^WER  4£MEg.  LIGHTING  CABLE 


(p* 


CR0U2£  WlNes 

Piepe^33-0U-PI7WT  RECfPlAOfi  Ul/CAP 
(PIM  INSERT) 

30  AMP.TSOV  AC 
3^  WIRE. 33  PQtJE 


:!AT0(^  CABLg 


CflTIOWS  CABLE 

_ _ 


II 

IE 

IBBSl 

|CR0U56  HINDS  (39  WIRE.  39  POU.  MALE) 

lEI 

J_ 

5US53 

AR  G347S22  IrECEPTaCLE 

la 

SU533 

ARB  41  fRECEPrACLE 

CROOSE  HINDS  M  WIRE.  4  Pa£.  female) 

n 

J_ 

5US33 

AS?I04TS4/S7e 

beceptacie 

CROUSE  HINDS  (4WlRE,4P0LE,  MALE) 

la 

(REMOVED) 

El 

■ 

1^1 

(REMOVED) 

0  f 

a 

SESSSI 

AP6>(o37S2Z 

RECEPTACLE 

CROUSEHINOS  rsWiRE.B pole  MALE) 

7  ! 

j_ 

bussT 

AR437  1  receptacle 

CRCXISE  HINDS  rSWlRE,  3  POLE,  FEMALE) 

an 

j_ 

5U533 

ARC»<i48S22  |j?ECEPTaCLE 

CROUSE  HINDS  (3  WIRE  ,  4  POLE .  MALE) 

hI 

■1 

5U53n 

ARfi,4S  1  RECEPTACLE 

CROUSE  H»ND5(3WiR£  .4  POLE.FEMAIE) 

71! 

■1 

B 

alBSl 

RP£  ZBB-0l4  SnNT|RECEPrACLi 

CROUSE  HINDS  (BRWjRE.yr  POlE.FcMAlE) 

BH 

■1 

n 

MO  51 

MS  ^soAs-zeo 

OUST  CAP 

CANNON 

rri! 

■1 

m 

BBBB! 

CANNON  f20WIE£  , 20 POLE,  female) 

fir 

M 

m 

B3I 

MSMMCUruMC  CM 

lOCMnrvvMfo  ouciwoH 

iMniiMMrvanDinoM 

«n  LIST 

ml 

DUEL  FUEL  1500  KW 

am^  Of  ocsa  pouw 


NCXHWW  HLCtSOW  PC(^-^<»4 

fBBRBWffV 


liSi- 


Jb\. 


3g£r^^ift3i _ 


OVERHAUL  1500  KW 
DIESEL  POWER  PtJWTS 

interconnecting  cables 

HATING  RECEPTACLES 


80091 

NONE 


6276556 


*N47408~  e»-C-20lf 


f  10 


1X3  1/2  3L/Ci(.  E’^JG.Nc  STC; 


t  X  3  1/2  3LACK  ;  E^€^•£^Cr  ■ 


i  !ICA79  IX  3  t/2  SLACK  |  C:F 


ItMESEBB^aSBl 


1 

iCA79iNAME?LATE 

1 

ICA79  i.NAMEPLATE 

1 1  X  3  1/2  BLACK  I  MA^O^.  FlEl 

ID 


ICA791\AK!EPLA:E 


ICA79|NAME?LATE 


lOA79iNAWEPLATt 


EE  NEESA  XN  9: 


MON 


1X3  3LACK  SYrK>=^CNlZ: 

JACK  ?ia'e^  TsodoTcwe 


1 1  X  3  1/2  SLACK  {  CVER  CtSP 


1X31/2  SLACK  LOCKOUT  tttu 


E9.0GTL  FNL  LfVXCEL^*- 


METER.OGTL  PNL  Lf E.?XiOtL  44^ 


TEE  handle  SOUIKO.  Ch 


l56CD|f0250TRS34  1  ENGINE  5TCP  PW  CXiTI£H-HAVA.- 


60336  |>2HeA61M2j 


horn 


626C6:i2lJD52AnA  R£UY,DeviCE-87  GE^^OTECTl' 


62606  i2rCA5tAlA  RELAY. DEVICE -32 1  GE^PSOTECTlV 


l2If=CVSlA0IAmEUY.0eviC£-5l 


RELAY.DEVlCE-27  GE.?RCTECTl\ 


I2IAV5IAIA  lRELAY.DEViCE-59  GEWTECTr. 


LAMP,  SYNC  tG£,LA*^.l25L 


OIAia5.24V-; 


54037jB8J22K5  jRES.22.5Kn2w  jOHMffEMETA' 


_ 

ing^MfeTOiaiai 

IB! 

Bl 
B 

in; 

B  _ _ _ 


I5605I10250T21K8  SWITCH, 0  SEQ 


625C6  37A  CNEAJ)  LAMP,  NEON 


CUTl£?-HAA^ 


CUTI£R-HAM^ 


GE.T-4  1/2  SC 


LiGHT.INOlCATCft  GE.TYPE  CRIO 


SWI TCH.  PARalLOJ  OUTlcH+WWR* 


RHEO .  soon- AW  basler  ,alit 


OHMrrE,  75  Q. 


Durl  fuel  ST/rrus  lights, 

SCLFCTOR  SWITCMCS,-  ^Hd 
L/IBELING  PLRT£S-0L/?CK'P//£WOLWrTN 

WHfTt  letters 


62oC6tiC295U2PI  fSW. VOLT  REG  IGE.TtPE-SBV 


SWITCH, SYfJC  GE,Trf€-SBl^ 


lt605|j02SOT2iK9  ISWITCH.FREQ  CUTIER-HAMA' 


SWITCH, GOV  Ge,TY?E-SBV 


I  603351  TCXoSGI  IkilCWATTaCUR  VlTR|  GE  ,TY?E-9S-' 


P/W  lOfeSOTA/OOJtl  LAMP 


CUTLEH-Hflh 


G£,TYPe-A0- 


A,A^|rREQUENCT  MTR 


I  l62SC6ISEMiaAA007ISW,vaTMETER  |  GE,TYPE-SBN^ 


I  6C33G5Oi02-C2l-P.U:vaTMEIEa 


626C6i5ewiOAAOCE|  SWITCH  ..AMMETERtCF .  TYPE-SBM 


G£,r7?E--B- 


6260e)C:6c6708G3-G  LIGHT,  GREEN  GE.TY?E-=.T-  • 


LIGHT.  RED 


I  |625C6lseMlCAAt07!SW.C8  C&NTROLl  G£.:y?£*SBm 


\TION 


772-DF 


E  bill  of  materials 

'6  6276560 


15605  102S0TS36  NAMEPLATE 


I  1 15605  I  10250T2  fCONTACT  BL< 


UNIT  parallel  and  PHASE  SEQUENCE  TEST 
FREOUENCr  AND  PHASE  SEQUENCE 


CONTACT  BLOCK  CONTACT  3L0CK  USED  mTH  ITEM  46 


I  Cl» 

■NOWYWWHO  I 


FBOO 


a 

I  ongRitiffig^g^jjjl 
iiMggiiiiMjgwai 


I  |IOA79|NAViePtATt  1X3 


lDA79l^JAKlePLATE 


iCA79|NAMEPLATE|  I  X  3 


I  ltDA79lNAWePLATE 


\  32502  (TYPE-iN’ 


09:-’JP-j  |JAC<  I  SOiXi  F-rAfER  -EADScf 


1  ,>CA7g  NAr^R.A^£  1X3  1/2  SLACK  (SOUQ  PC^VER  PhO%C  jaCK 

2  |iCA79  VAVt?L-'E  Tx  I - 


llZSasBismi 


C-H  r>MD 


I  jlCA79  MAVEPlaTc  i  I  X  3  1/2  5LACK  1  C;FEE=E.NriAL  /  .^ELAy  .  3 


1 1 X  3  ■/2  9l;^k  I  c:f-e=e.ntial  /  relay  .  2 


1  !iCA79  NAVE^^*;!  1X3  1/2  ELACK  |  C;F=E=ENTtAL  /  RELAY  .  I 


I  iiCA79  NAMEAi^. 


I  [ICA79  \AVErL-T 


1X3  1/2  5LACK  I  OVER  CLRRcNT  /  RELAY  -  i 


1  X  3  !/2  SLACK  OVER  VOLTAGE 


1  X  3  '/2  3LACK 

UNIT  -ARALLEL  S'WITCH 

1X31/2  BLACK 

FREOLENCY  ‘.1E7ER/ SWITCH 

1X31/2  BLACK  MA.NUM.  FI 


J  X  3  1/2  SLACK  LOCKOUT  i^CLAY 


BLACK  I 


X  3  1/2  SLACK  phase  SEQ: 


m 
m 
m 

ES 

m 
m 
m 

i*,’ii'»ifli'jM  i  Jif3ipin»,>i»;g  «M!E1 

ca 

mm 

153 
■Ea 
E3 
03 

il 


AMgUNClATCR  ROCHe5rEff.A>»3XX]A>OI*^MT»3E-9-W*y»X  0  MOD-RMO 


S  W,E?^CRG  LTS 


6c606ISEMiCAAC-44}SW. ENG. TEMP  I  GE.IWE  S0M,  4P.  OIL- WATER 


8  lOASICE-ATOOQOC^TER.  DGTl  P^L  jLFeJ0C£L444iO-O0  MV  RANGE  lOO  PSIG 


8l045)C£-9994O00qMETER.DGTL  ?NL  LFE.*X}lEL  4443, R TO  1000  PLAT- aOO*»60CrF 


TEE  handle  I  SOUIKO.  CHRP U£ -PLATED  HANDLE 


I  i5605|»02»TWS34  engine  STOP  PS  CUn£H-HAA4^.0lL-riGHT,  I  NC  CONTACT 
I  !60336  MZHEAftMa  |RELAY.  OEVCg  96  (WOrTCCTTVE.  UXKOUT  RELAY 


*  ,650631450  (horn  I  FEDBUL  .  I25VDC  VIBRATONE  HORN 


626C6,l2lJD52AIIA|RELAY>DEVICg-a7lGEJPOTECTtVE  DIFFERENTIAL  RElAY 


64606,I2ICA5iAIA  ) RELAY. DEVICE -32 ( GE^PRQTECTiVE  REVERSE  POWER  RELAY 


6c6C6jl2IFCV5lA0lA|RELAY,DEViCE-5i  rGE>?RDTECTlVE  OCTXRRENT  RELAY 


62602  (121 AV5IAU  I  RELAY,  OEV  ICE- 59 


4455  ;6S60C'r25V  (LAMP,  SYNC 


iai.4ii.i;,nry.wBga[gSEa!SaMEagiaA£!a^iii!aiB2^MMBEI 

:l y 3r537Ty>TlCl 


RHEQ  ,  £00n-4W  j  BASLER  ,  automatic  vaTAGE /adjust 


rheostat,  FIELD  OMMrtE,  750,  300  W 


SW.  VOLT  REG  I  G£, TYPE- S8M.  AOTO-MAN- OFF  ,  SPECIAL 


GE.nfPE-SBM,.V/PH23WWI45  REM  HOL 


CUTI£3A^AMMER.3  PCS. OT, gen-off-bus 


G£  .TYPE-S6M ,  RAISE-LCWER  ,  SPRING  RET 


\  ,603351  TOXooGI  (KlLOVATT-KJUR  MTR  GE. TYPE- DS-o3, 2  ELEMENT  ,30 .3W 


(  t  }6C3c6|SO-K3645g.AALg SynORQSCCPE  T  G£  , TlfPE -AB-OO *  cO  HZ ,  SLCW-FAST  SCALE 


CUTLER- HRWWER  AtybC  RESIST,  ttOV 


Gc,TYPE-AB'^Xl,  .5-l-.3SCALE.i20V  COIL 


SWITCH.GOV 


GE .  TYPE  -  aB-aO  .45  -65h2  SCM.E ,  IZOV  CCI 


ge,type-sbm.k.>airledhanole  .VMSW 


G£ .  TYPE  -AB-UO »  0-325CV  SCALE .  I20V  CCIL 


62606jSeMlOAAOC8jSwVITCH.AM?Ae7ER(  GE.  TYPE  -  SBM,  l<^iURLED  HANDLE  .AMSW 


6C335  50^C3-i3MS5- 


lEl 

1^ 

lEa 

lEH 

IIS 

IE] 

IBl 

UEl 

JBI; 

IBl 

!B1 

m 

m 

m 


LIGHT,  GREEN 


G£  .:y?E-ET-:S  ,  .V/  ETI6G  CAP 


T-  d ,  .V/  ETI6R  CAP 


I  (6ZoCaseMICAAl07fSW.C8  CONTROL|GE.7Y?F-nBM,PlSTaGRlPHANOLE.32CS 


!?TCT! 


772-DF 


UNrr  PARALLEL  AND  PHASE  5EOOENCE  TEST 
FREQUENCY  AND  PHASE  SEQUENCE 


CONTACT  slock  USED  JYlTH  iT£M  46 


NAMAL  EMRCT  ANO  CNVKIONlieNTAL  SUPPORT  ACUVITY 


0>«RHAUL  1500  KW 
WESa  POIPER  PLANTS 
S1KITCHGEAR  UNE-UP 
PLAN  ANO  ELEVATION 


FBOOSV—  6276559 


^  1 


ftLEECi  BLOWER 

MOTOR  (LEFT) 


BLEED  Blower 

FAN  motor  (RIGHT) 


Engine  house 

SPACE  HEATER 
(REAR) 


30  31  32  33  34  35  3G  37  38  34  40  4 1  42  43 


COHTT)  FROM 
0W«  €276570 


C - 

'P  No  NO  ‘OA 


44I(W  44204  4430- 
6  L2A  l3 


4710^  472C/r  4730n 

LI  A  L2  A  L3  J 


BBCt  (sn 

OL 


aapacB 

!5A 


L - C...,/  SHH 

No  nq  \o  *5 


BBC20I)  4810-^  4820^  44: 
OL 
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3I0/PLU6  Q,PlMe' 


_ i20/<W-4 

Itogearmtr. 

i! _ ti^/p4o 


-307/£LR3C-^ 
-  307/  TM.-45 
-^Oa✓ELA^-l~ 


_Kn/PlUG6»PlM  2 

— Ktt/MAW  OCC.£-TI 

j - }02/PUJG6» 

PIW  I 

#104  r?^l02/MANCC 

1  I  ^^46  ca.-TE 


CX:PtiJR.Dl5C. 

C.&- 


#10 

->l04/TBI/t9 


—  I05/T8I/20 
MO;/P4-l 

-  I04/F5  -I 


B-39 


PIN-3 


307/eL(Mr4- 


30C/EUV2-7 

r^ii 

^  SIT/EW-I 


- l(0/PUiQG,P*M  2 

I — Kn/M»N0CC.8rTI 

I  - lOI/PUJGe, 

PIN  I 

»I04 1  mH- “ 

«6  C5.-TE 


nr 


m 


DCPUJR.DISC- 


C«&- 


I  tu 


T^»05/T8I/5 

-^I04/F5-I 


^  . 


NOTE?  5TENCIU  IKl  BLACJS  PAINT  AMD  */2*  L 
•4IT&*  ON  SUW>AN  ABOVE  TEiyilNAL 


r*eMMa 

wa  ru£L  1500  Kw 
(woffli  (r  txm  f*oiDi  fuws 


no***n« 


:so»y  ' 


967-OF 


'wnmw^ 

1  W92-?- 


- Nii.inj  urrCfBNC  c 


»  IM 

navm.  cncrc^ 


800! 


iKA*  NONI 


4 


3 


:r  lug 
CHASSIS  &paju> 


5/JW-S 

ssz5oc/prc-c 


NOTE?  SXeNCIL  IM  BLACR  PAINT  AND  ^  LETTEF6 
•4IT&*  ON  SUbPAN  A60VE  TEWINAL  bOAW). 


t  1 


oua  FUEL  1500  KW 
aiW9«  Of  0f5a  POWI FW15 


Ti 


967-OF 


'TOJBUU 

1 1992^;-! 


ixy^occ  i^»i!  I 

s> 


MA¥%  £NO»Cr  ANO  CMWWHIlCMTAl  SUmWT  ACTMTY 


OVERHAUL  *500  KW 
OCSQL  POVCR  PLANTS 

METDWNC  CUBICLE.  SUBPAN  DIACRAN 


80091 

NONE 


»w_M474O8-09-C-2On 


ea  * 


B 


j 


RECEPTACLg’^0-* 


R£CEPTACLE^C’> 


r-l78/  t20/240V  OrSTR  PNL 
C8II-LI 


r  4O2/40OV  OISTR  PNt- 
CB4-L2 

r4Oi/480V  OISTR 
FN.-CB4-Ui 


180/  l^24CV  OISTR  PNL 
COMMON  .NCUTRAL 
“179/  I20/240V  0IS7R  PNL-CBII-U2 


52S/T82-29 


526/182-30 

500/182-23 

527/TB2-3I 

52I/TB2-24 

S22/TB2-25 


5ia/TB2- 18 
504  TB2-I7 
5I3/TB2-J2 
M5/FI2-2 
303/TB2-I6 
W2/TB2-5 
534/HR-2 


swrrj/51. 

-  s*arr2/c2_ 

SNlrf^Ai> 


_B£C£PT/?clf 


fTFL£//fEO 


(StQH^L  CNO>— TELf/R£0 
SP^ttTTLVBLK 


Ta£/auc _ 

•TEli/OiBS 


soirr/jecD _ 

SWRf  SMir^/W/O'- 


548/TB2-64- 

547/162-63- 

SH/Te2-65- 


receptacle “H" 


SH/Te2-68- 

29t/TB2“67“ 

290/TB2-66- 


5f9/TB2-22 


SH/T02-62-^ 

546/762-61^ 

54VTE2-60~ 


524/TB2- 

528/7B2- 

529/ANN 

5I8/TB2- 

523/TB2- 

5I7/TB2-: 

5I6/TB2- 


55I/TB2-I 
50e/TB2-i 
51 1/TB2-6 
507/TB2.7 
509  TB2-I 
5O2>T02-2 
sooin’Ba-e 


506/T82-3 

50I/TB2-I 


401/460/  DISTR  PNL-CB4-LI 
^404/120/240/  OISTR  PNL- 
COMMON  NEUTRAL 


RECEPTAC 


1003/TB 1-6  (  SPARE) - 
I00^/TBI-9(SPARE^• 


IIO/TBI-42 


5NXfF3/fe3 


SPiRRE  me/wRT 


IO9/0ISC-SW-2 

263/181-46 


SPARE  TELE/eiU 


#12 

52/TBI^ 
53/T8I 
255/TB2-40 
310/ELR3B.3 
50/TBI-32 


#12— J  44/TBI-I3- 
I302/ELR3A-3~4- 


3 


receptacle 


RECE?TaCLE‘H* 


V  OrST«  PM.- 


RECEPTACLE”C" 
r  402/480V  DISTR  PNL- 
CB4-L2 

r4O3/480V  DISTR 
_ L  PM.-CB4-LA 


5I9/TB2-22- 


52S/TB2-29- 

5aS/T02-3O- 
50Q/TB2-23- 
527/T82-3I  - 
32I/TB2-24-. 
522/TB2-25- 

5I3/T82-I8- 
504  TB2-I7- 
5I3/TB2-I2- 
535/FI2-2- 
503/TB2-)6- 
5S2/T02-5- 
M4/HR-2- 


O  O  0^ 

39  38  37 


34  3^3^/ 

l|l\30  29  ^  11/  Js" 


25  24  23  22  21  20  19 

18  17  16  15  14  13 


#6- 

37240^r  OISTR  PNL- 
^•MON  .'CUTTUL 
R»H.-C8lhL2 


5I0/TB2-4- 

305/TB2-9- 


»— 40l/4eOV  OfSTR  PNL-C04-LI 
-404/120/240/  OISTR  PNL- 
OOMMON  N6UTRAL 


4/Qf 

.sNrrr  z/pz 
- 5- - swrr3/Si3 

- .THJL/flUC  mr4/i/3M27:? 


548/702-64 

547/102-63 

SH/Te2-65 


SH/Te2-60 

291/702-^ 

290/762-66 

SH/TB2-62 

546/702-61 

54VTB2-60 


-524/702-28 

-528/702-32 

-529/Ann  pm  SLf*R.Y-TBI-7 

-518/782-21 

-523/TB2-26 

-5I7/TB2-20 

-5I6/TB2-I9 

-55I/TB2-I3 

-5O0/TB2-I4 

-5M/T82-6 

-507/T82-7 

-509  TB2-I5 

-5O2yT02-2 

-50CVTB2-B 


54I/TB2-54 

542/TB2-53 

SH/T82-56 


539/T02-5I 

540/702-52 

SH/TB2-53 

543/T82-57 

544/T82-58 

SH/T82-59 


- 506/TB2-3 

- 50I/TB2-I 

J 

1003/TB 1-6  (SPARE) 
IOO2/T0I-5CSPARE) 


receptacle* 


.rcu/ReD-o#>EN 

.  TEU/WWT  ctrpnsmth 


SHtTF^S 


SNirr  lyatK 

Isft5tETa-t7»LK 


S«9RE  Ttte/WRr 


.SPARE  TEL^/&tu 


7  M  39 


IO9/0ISC-SW-2- 

263/701-46- 


#12- 

32/701-^- 

33/781-38- 

255/702-40- 

3IO/ELR30-3- 

50/701-32- 

#12- 


•'"’‘'d’T 

37  38 

4: 

39 

o  o 

o 

33  34 

35  3 

3  0  1 

o 

^  ^  J 

a  zy 

II8/T8I-4I 

I004/7BH7ISRIMO 


^  \ . 

L 

^0  \ 

1 

31  \  ^ 

_ 

19  20  21  22  23  24  25 

»  14  15  16  17  18^ _ 

6  7  y/B  9  IT" 

^  o X  o  o  o  X  o  o  i 

\r/  2  3  4  5  X  / 


-10OI/7BI-4ISPARE) 

-#»2 

-eO/TBI-lB 

-II7/TBH9I 

-95/TBI-2I 

-II4/TBI-47 

-IIS/TBK48 

-a64/TB  1-45 
-2S2/TB 1-44 


— 260/782-41 

-5I/TB1-36 

-#I2 


-<  44/TBI-I3- 
I302/EU13A-3- 


g  g  Q— QP  I  ENCACT  ANO  Of\MONyCNTM.  SUPPORT  ACTIVITY  I 


DUEL  FUa  1500  KW 
CtWQtttroCaTOORMR 


OVERHAUL  TSOO  KW 
OCSEL  POWER  PLANTS 
UETERING  CUBICLE. 

CABLE  RECEPTACLES  VMRINC  OIACRAU 


F  80091  Lffs- 


N474Oa~89-C-20TT 


2 


5E>^50ftl  < 

SENiORi 

3 


UWIf  DerECTIOV  irSTEM  CONTROLLER 


53VTB2.4d 


ANN 


TB2 


COMMON  CELL 


TBI 


m 


m-SiZ^Ta?^  5:S/Ta2.30H 


5ZVT57,2t-CT 
52y:22.29- 


H2l^rB2.44  ‘.Z2r'S2.il  -M 


32a/TBE32-L6 


52yT52.27 


TB3H-+^k+^-W 


JC 


-53a/rB2.4S 


TB2 

7 


CELL  NO  3 


TBI 


£ 

1 

s 

th 


[r^t/TCl.24  5tQ/JB7.4^ 
5)l/rK.t' 

J4-S22/TO.25 

14  5527762.5-0' 

3IVTB2./2-7 
55//T62.Ji- 
Hr52yTK.2<; 


782 


CELL  NO  2 


TBI 


1 

f5i8/7B2.2l  505/767.5— 
366/762,3— 

1 

1 

2 

? 

3 

519/762,22 

3 

3 

4 

507/762.7— 

4 

4 

5D«/T6?J4— 

5 

5 

6 

SOVIK.lS— 

6 

6 

7  ■ 

-520/762.23 

7 

d  • 

J 

1 

L9- 

TB2 


CELL  NO 


h- 5J5/7B2.19  500/ 
301/ 

5f6/7KJ5 

5C2/r 
5ovr: 
vw/r 
5i7/7E2.20^  ‘ 


ELSW 


507/T02.43 

#12 


53aA75»yi5T~4--j^ 
53C/E73W.ir 


IL 


asaoEiac 


337/fr5U3r— J 


EOP 


f40/TB2.52 
535/782.51 
/;7/TB2.50 
I76/TB2.45 


nfc/TB2.35 


ES 


l^n2/TB2.37^^^^-^o— p>-  Mg^aayTP2.47 


HEAD 


290/782 


F 


291/782.67 


3 


-535/T02.4d 


CELL  NO  2  CELL  NO  I 

TBI  T82  TBI 

5IS/7D2.2I  rT~|  [HT-SiS/TK.IS  5t»/TB7.S-fT" 

364/Tfl2.3—  2  iTh  301/182.1-  2 

5»5/Tfl?.2r  X  m4-5<6/7B2J>  i" 

5fi«/TD?>l~  X  tij]  SDVrfi?  — 

3fli/TBZ.17~  6 

i20/TB2.a  r7>rSl7/7B2^  - 


PiUC'H* 


— ^510/TB2.52 
y-  539/782.51 
— /77/TB2.50 
-I76/TB2-49 


■  II4/TB2.35 


52a/AMN  PMR 


JJ4/TIM— ! 
JI4/DSI-I 
II5/0SI*2 

JH/»4r-5C— 


*  T02 


SOI/PIN-I- 
502/PIN-2- 
506/PIN-3- 
3I0/PIN-4- 
552/PIN-3- 
51  l/PlN-6- 
307  PlN-7- 
3oa/PrN-8- 
SOa/PlN-B- 


551/pin- 13  — 

13 

30a/PlN-l4  — 

14 

509/PIN-I5— “ 

13 

30VPIN-I6 — 

Is 

304/PIN-I7— J 

JZ 

3IVPIN-I8  — 

18 

5IVPIN-I9 — 

19 

5I7/PIN-20 — 

20 

5ia/PiN-2i  — 

21 

5I9/PIN-22 — 

S2Q/PIN-23 — 

52I/PIN-24 — 

s 

52a/PlN-25 — 

23 

52VPIN-26 — 

26 

5UPPLY-T0I-7 — 

27 

324/PIN-28 — 

525>^IN-29 — 

29 

526/P  IN- 30 - 

30 

327/PIN-3I  — 

31 

52a/PiN-32  — 

32 

-  II4/k/-z-^ 

Jl5/C0T0-9-^ 

34 

IIVC8TB-II  — 

35 

III/TBI-43— 7 

36 

-30t/ANN 
-302/ ANN 
-506/ ANN 
-510/ANN 
-332/ANN 
-51 1 /ANN 
-307/ANN 
-50Q/ANN 
-30  VANN 


CBX^\  TBI-2 
CEtL»l  TBI-4 
CaL^2  TBI-2 
CELL  ^3  TBI -I 
CELL»3  TBI-4 
CaL^3  T0I-2 
CELL^  TBI-4 
CELL^^I  TBI- 1 
CaL*^2TBl-l 


oiiir’a*  f  25VPIN-f5 
260/PIN- 16 


-5IVANN  CaL^  T0I-5 
-551/AAW  cell 43  TBI-6 
-30a/ANN  CELL^  TBI-3 
-309/ANN  CELL^’^  TBl-6 
-50VANN  CaL^r  TBI-3 
“504/ ANN  COX^'I  TBI-6 
“513/ANN  CELL^I  TB2-I 
-516/ANN  CELL^  Ta2-3 
“517/ANN  CELL^^I  TB2-7 
“51  VANN  CELL^  T82-f 
“51  VANN  CELL 42  TB2-3 
“520/ ANN  CELL42  TB2-7 
“521/ANN  CEU  43  TB2-! 
“522/ann  CEU"^  TB2-3 

-32V ANN  CELL43  TB2-7 
-529/ ANN  COM  CELL  TB3-7 
-524/ ANN  COM  CELL  TBI*I 
-52V ANN  COM  CaL  T8 1-2 
-52 VANN  COM  CELL  TBI “3 
-527/ANN  COM  CaL  T8.I-4 
-32  VANN  COM  CELL  TBI-6 

H4/TB2-7D 

-III/52CS-2 


260/P»N-l6- 
^  3H/eLR2-8- 
307/Fr4-2- 

530/ANN  PVW  SUPPLY-TBI-B- 
03332(;/<33TB-«, - 

^  53VHR-4- 

535/HR-6- 
1 76/ANN  PWP  SUPay-TB2-l  - 
1 77/ ANN  PWR  SUPPLY- TB2- 2- 
'  539/PI N-N- 
540/PIN- P-1 
&4/PIN.Q- 
541/PIN-AH 
542/PIN-8-J 
SH/PIN-C- 
54VPIN-0-I 
544/PIN-E-I 
SH/PIN-F“ 
^  54VPIN-G-^ 
54VPfN-H-| 
SH/PIN-J- 
547/PlN-K-l 
54a/PlN-L-i 
SH/PIN-M- 
290/PlN-R-f 
291/PIN- S-t 
^  SH/PIN-T- 
532/FII-2“ 
II4/0S2-I- 
-nS/THrS  ll5A»S2-2“ 


t- 3 1  I/ELS 
J- 307/ELS 

“SSVANN 
“531/ANN 
“533AICR 
-53VH0R 
“  1 76/eOP 
-177/EOP 
|-539/e0P 
h54<yE0P 

I-54I/ETS 

h542/CTS 

|-543/rrSN 

k544/ETS\ 

h345/ETS\ 

h546/eTS> 

-547/rrs\ 

-548/ETSV 

-awCAc 

-291/HEAr 

-532/ANN 
- 1 1 VTB2 
-IIVT02 


Vr02  37^^^752.40— p>4  Hg} - 260/752.41 


-If  NOTE:  STENCIL  IN  BLACK  PAINT  AND  ' 
“TBa"  ON  SUBPAN  ABOVE  TERM 


»«NroA  MOMMCtATunc  ON 


HEAD  PHONE  JACK 


290/751 M 


29l/TB2.67  4r 


970-DF 


Dua  FUEL  1500  KW 

OMiraM  or  t)csi  POKs  pumji 


I  NAVM.  CNCRf 


Flaoo 


II 


TBI 


*  T82 


plug'h* 


puugV 


au^  V 
livnw 

.II4/0SI-I 


n^^-sQ- 


f  501/PIN- 1  — 

1 

502/PIN-2 — 

X 

506/PIN-3 — 

3 

5I0/PIN-4  — 

4 

<  552/PIN-5 — 

5 

51  I/PIN-6 — 

§ 

507  PIN-7 — 

7 

500/PI  N-B  — 

^  50VPIN-9 — 

9 

II 

5IVP1N-I2  — 

12 

551/PIN-  13 — 

13 

50a/PlN-l4— ^ 

14 

509/PIN-I5  — 

Ji- 

503^IN-»6 — 

l6 

504/PIN-I7  — 

•7 

Sl5/PiN-l0  — 

18 

-  Sia/PlN-19 — 

1?  ■ 

5I7/PIN-20 — 

22.- 

5ia/piN-2i  — 

21  - 

5I9»^IN-22  — 

Ih  - 

5aVPlN-23 — 

23  - 

52t/PlN-24 — 

522yPlN-25  — 

^  52VPIN-26 — 

is - 

SUPPLY-T8I-7 — 

21- 

S24/PIN-28 — 

28  - 

525i^lN-29 — 

il- 

52VPtN-30 — 

30 - 

527/PIN-3I  — 

31  - 

.  520/PIN-32  — 

32  - 

II4/F7-7— ^ 

II5/CBTB-9— , 

1 1 VC8T8  -  M  — 

35  r 

ni/TBl-43— 3 

-501/ANN 
-602/ANN 
-506/ ANN 
-510/ANN 
-552/ANN 
-51  I/ANN 
-507/ ANN 
-50a/ANN 
-50  VANN 


cat^l  TBI- 2 
CELL»I  TBI -4 
cat ^2  T0I-2 
CELL '3  TBI -I 
CELL»3  TBI -4 
CaL'^3  TBI -2 
CELL^  TBl-4 
CELL'I  TBI- 1 
C£U*2  TBI- 1 


plug's*  /  25VPIN-I5 —  40  — 255/ES-t 
#I3^260/PIN-I6—  41  ^26Q/ES‘^ 


-5lVANNCEa^TBI-5 
-551/AW  CaL^3  T0I-6 
-SOe/ANN  CELL^  TBI-3 
-509/ANN  CEa^  T0I-6 
-50VANN  CELL"^!  TBl-5 

-  504/ ANN  CELL  I  TBI-6 
-SIS/ANNCELL^I  TB2-I 
-51  VANN  CELL^  702-3 
-517/ANN  CELLA^I  TB2-7 
-51  VANN  CELL^  T82-I 
-51  VANN  CELL  ^  T02-3 
-520/ AW  CELL^2  TB2-7 
-52I/ANNCELL*3TB2-I 

-  522/ANN  CELL^  TB2-3 
-523/ ANN  CELL*^  TB2-7 
-529/ANN  com  cell  TB3-7 
-524/ANN  com  cell  TBI-I 
-52VANN  COM  CELL  T0 1-2 
-52VAW  COM  CELL  T0I-3 
-527/aw  COM  CELL  TB  1-4 
-52VAW  COM  CELL  TBI-S 

r!ig(g^\  113/782-71 
-III/32CS-2 


530/AW  PWR  SUPPLY-TBI 
G5332C/<S3Te-4A 

535A(R- 

176/ANN  Pwn  SUPPLY-T02- 
177/ ANN  PWR  SUPPLY-T02- 
539/PlN- 
540/PI N- 
avpiN. 
541/PlN- 
542/PIN- 
SH/PIN* 
543/PlN- 
544/PIN- 
SH/PIN- 
54VPIN- 
54VPIN- 
SH/PIN- 
547/PIN- 
548/PIN- 
SM/PIN-I 
290/PIN- 
291/PlN- 
SH/PIN- 
532/FII-; 
II4/0S2- 
115/052- : 


Z  JACK 


au;  V  - 


JiVTR-3 


^  NOTE:  STENCIL  IN  BLACK  PAINT  AND  '/^LETTERS 
*TB2**  ON  SUBPAN  ABOVE  TERMINAL  BOARD. 


970-DF 


ova  mei  isoo  kw 
cDwraw  Of  ocsa  kw  pu»«s 


I  NAVM.  ENCKCT  ANO  ENVWONyCNTAi  SUPPORT  ACDVirf  | 

overhaul  T500  KW 
OlESa  POWER  PLANTS 

ORCuiT  breaker  cubicle. 

DOOR  WRING  OIACRAM 

aa  } 

F  j80091|= 

NCNr 


N474oa-a9-c-2on 


1 


r::j 


503/EUM-l 
303/P  13-2 
303/eU^3A*a 
305/eLft3C 


-3»/TB2-<2 

-306/aj^:3-C2 

-2Cfi/£LAr9'C2 


ELA^ 


2  16  7 


TT^FIT 


^♦r2 


304/ELAl 


3l2yELj^l-3 


3I2/£U^ 

3a3/ELi*v 

aoVELB 


* 


IIZ/TB2-37 
106/  F5-2 


1 


C&T5  1^ 

* 


t^Z 

GEa  CKX  BKR. 
FEMALE  ELUG 


B 

B 

B 

a 

Di 

(5) 


(i 


5TR!P 

HEATER 


ia3/l2£V24CVt  OiST.PKJL. 


tfZ  TYPE  TTE  miP6  IVLONG  SAPAEL 
AW  tongue  TEAMINALS 


I6f/J20/2^V.DI5T  PWU 
CCM.KiEUTRAL 


-n  fil 


vH.6(UU 


240j 


♦  eTBl(80  —  3  —  CPCBO'/L'i* 

♦  ETBi  (00)  —  c  —  cpcsra^.)  * 


.  3S34.3/5 

-3S34<?E 


r  auG  G.aw  i 


CPCM/tO  t 


1C  auGG^M  z  cpcarr/R)* 


TT15^La<  PaJ(iA,PiWS 


Etbi  f  }4>  —  t  jS-'rTcz'rs^n^o^  f  i2d>  —  S 


-  VuJiRtB  140  4140 

-PLU6*B,PN  L 
•  aU6  45 ,  PtM  K 


ETBI  (W  2H:  5  ^  FTRf  7) 
ETBini'i  —  Ci— FTRfG) 


ETBI  no  iiLjo*  ^  PTPC(3> 
CT*,n01  MLt^FTPCfC) 

ETBI  f  ft  >  ^  AOCm^ 

ETBUal'i  — IHCm 


£T6I  -^«o  UJPCfuo.-'TOP’) 

etbi  {4>^  —  tn  —  luPCf xi) 


ETBirill^^a 
-OO?  “7 

crainid^  — 


E GEM.  STRIP  HTO.  ■ 
GEM.  STRIP  HTR.  - 

ETBI  fSG)- 
ETBI  rM\- 
PUjaft,  PIM2  * 
au6  P<M  1  - 


CTBUn  ^CPCCXl'l  aU6B,P«MI 

2CO  EMa-M0l££.  CJStFU.CMOC®) 

ETBI  f76)  — —  ri  lyo  px(\.TlO>  PUi6  0,  PIM4 

OT,  (^r)  iSliriw  EMS.Moy6£asi:(«.fMct8)  , 


PIU6  G,  PIM  3 


-6ac2  ri4a-aoT.)i 

I 

-BB«(^a-Tonj 

'  PUJG  tA^PlM  O 
>auG«4,P(WC 
-FUJ6f4,aMF 
-aU644,PHJB 


-  applies  to  bleed  mxrmm  units 


LE6EWD 


MlfAC  ~  AIR  COMPAEftSOA  MOTOR  COKTPOLLEA 
BBC  -  BLEED  BLOOlEA  CONTRCXLCA 
CPC  -  CiRCaJVTlMG  PUMP  COiTROCLEA 
FTPC  -  PUELTRANSPEA  pump  eOUTROiXCA 

FTR  -  fueltbauspea  relav 

INC  -  tWLCA&IOM  mCATEA  COMTAOCUER 

MTB  -  MOTDA  ODMTROC  CfiWTEA  fBAWiM^  fiLOCA 

VFC  -  VCWTIUATIOM  PAW  COWTROLLEA 


tt  M 

i  !li 


P>  <o  W 

S  S 

SI  SISJ 


a  I  - 1  - 1  I 

I  JIT S 


c  S 

se  -  - 

A>0  ’P  CC 


GROUND  UJG 


notes: 

L  UM-EEA  criMCAUtnC.  worrco  use.  ML  AJUJG  ft&GAAy  U41RC, 
Z.  4-  US&  PIOAUJ6  BIB  GRAY  UllAC. 

X  □-  14  8AliJG  M  GAXr  UtlPE. 

^  A-  UbGI  4  AU16  BIB  gray  wire. 


•  zzzrrxx) 


-OeSTlNATlOW  OeyiCE  terminal 
.  OESTIMATON  DEVICE 
-LJIAE  NO. 

-  TEAMINAU 


OUCL  fua  1500  KW 

coicnai  (F  OCSL  R«l  FUM5 


988-OF 


IavwMMMT  or  iw  ■»«*  •vMMt  »*okii«s  smmswm  cmms* 

NAMM.  ENCPCr  ANO  Ot^AONUCNTAi  SUPPOPT  ACTIMTV 


overhaul  1500  KW 
OESa  POWER  PLANTS 
CONNECTION  OlACRAU. 
liOTOR  CONTROL  CENTER 


F  8009,1 


NA74O8->69--C«>2011 

}Wio9» 


4 


I 


3 


PtU6  W0.7 
PUi6  W0l7, 


HX7. 


^  PIKI  V  Z  PLUS 

4^—  4^^U<i 

.pigS^T^PUUG! 

.  PJVJX-^^  5  PLUG  I 

,p,w^.!2iTi22^PLUG. 

,p,M2lZETiZ21auG» 

p,,jgf2il  a  Hi! pLUQ  I 


NCLZ  ;^u  X 


waz  piMZ 
KiaZPiMG 
vxxi^ptgx 
uo.3,?iu  y 
Nia3,piKJz 
»Ja3»piKj  G 


euERG  LT  ay.  ls. 


•  EMERG-LlSUi  R.S. 


—  Yi; 

OJ£M.IX5iii.LSt-:i^  X)  EmERG.  a.  SUl  a.5. 


AC  LT.  5U1  L.i> 


•525-[7r  -33L  AC  LT  6y.  f^.G. 


AC  LT.  aui  L-S.  531  AC  LT.  SLJ.  R.G. 


JTB2 


ap.  HTm^PCAA^Li  > -  I  Plug  uo.s,  piu  a 

aR  NrA.,P£AA(LZ>^^  Z  ^^SLUG  vjaa,  piu  & 

5R  :-<Ta..P£AAaaT^^  3  .^UG  00.5,  PlUC 

5P.  HTP.J?EAA4»D.3  222° - 

4-4rt  4  —  PLUG  00.5. PlUG 

CD  i-iTs  carr  r/‘on\  Z^?^  iw. ^  r'****  w 


SP.  htp.,frt.qsro.> 
SR  KTR.^PRT.  f  LI  3 

SR  HTP.,FPT.rLlT 
SR  HTR^PT.^LS) 


PLUG  00.6,P1UX 
PLLG  viLG.PlKlY 
PLUG  siO.G.PJOZ 
PLUG)^6,PlOG 


^an  m^an 


S  - CLJ5  OQLS.PtUO 

G  PLUG  00.5,  PiM6 

7  2-a£pujg  Uis,p,uF 


^  4711 

^  -  Pt^yQ  I  ,  PfU  X 

A722 

X)  - PLUG  00. 1  ,P!MY 

fl  2211  5|^yQ  gQ  ,  .plUZ 

"■ '  ■'  '  4*44 

it  - PLUG  KJOI  ,PlOS 


*16  nasoLD.-’ 

♦laTULSPLOJ- 


TERMIWAL  BOARDS  ABOVE  MOTOR  COKJTROL  CEM 


PLUG  WO. 


vFcrrn 


OIST.PML.(lSA)-^rfii  ''PC  CTIT 


vFcm^’ 


McirriT- 


OIST.PWL.rart^ 

68CirT332 


PLUG  WQ.2 


B  B6CI(TZ> 


BBCZaiV 


DOtPOL.ft/WV 


BBCZm)- 


APPLIES  TO  BLEED  BLOWER  Ul 


TDP  OP  DISTRIBL 
( vieiu 


MTasfza)* 


JKf/tCU. 


ACP/ICUCB 


[ehrcbT 

f  I2S0 

-Y^20A^>7— PUJGOaA^PNA 

L  PUJG  oa4  ,PIM  e 

_  MCC8  ^ - - 

301 

■ — - MT&3/n 


MTazrz^  A 


O-iSi-MTWfW^ 

cv-^^hnrB3(2) 

0-22E.MT6Zf33A 

o- plug  Ma4.  PiM  G 

AOAA 

Sz  izr3H^  !li*  if !1? 

^  4G44-  ”T 

I  o - PUJGNa2.RM6  | 

I  ^  4744  , 

L  J?: 

<p  -2522  pui(^  uo.9,piOG 


^APPLIES.ORLY  7D  UBM 
5I-J6I4I, 

51- n  102, 

.51-17103 


EM61ME  HOUSE  DISTRIBUTIOW  PAKJEL  . 
120 /Z40  VAC 


8 


6 


2 


JT&Z 


,> -  ,  - PLU6ai5,PlUA 

1) -  ^  - ?\UG  Jsjas,  PIM  & 


PLUG  00.5,  PlUC 
PLUG  m5,plU6 
0Ql5,PiUD 
PLUG  00.&,Pliae 
PLUG  UaS.PlUF 

PtUG  MO.  I  ,  PIO  X 
PLUG  00.1  ,PlOY 
PLUG  00,1  ,PIMZ 
PLUG  Oai  ,PIIJG 


JTB3 


— — 

48H 

3 

4Slt 

4633 

(• 

“f 

2833 

a 

4411 

o 

AVI 

412L 

VI 

■l^ZZ 

44S3 

V 

(I 

4‘*33 

4444 

it 

4944 

.  *16  msHLtx- 
♦lamsi^uxr 


PLUG  Vj0.4,Pim  p  ^2L 

EMEHG.LTS.^L^.  ^ 
|M£AG.lT5.,R.5. 
EM£RG.L75.,l.S.  ,i?§U 
EMERG.LTS.,  KLS. 

PLUG  SJ0.4 ,  Pro  O 

A,C.  LTS.,L.3. 

A.c:  LTS..P.S.  TT^r 

A.C.  UTS.’AS.^ 

recej^s.,l.s.*|S^ 

R£C£PTS:,R,S.  4|^ 
aeCEPTS.,L-3.-l|fv 
R£C£PT5.,R.3.-^ 
aECEPT5.;L.S.-=ff. 
P£C£PT5.,a5.^ 
*+«£ADfV0Kc  «JACK, 

•n£ACP-CM£  .AC<,  R.3.  TZTT^ 
‘HEACPr-OKCwACK,  L.S.  Sk 
-H£AOPhOs.£oAC^,.^.S. 

- rFCRc"0<£^|,L.%.)f^ 

- (FCA  R.5.) 


•£MERG.LT.5liL,LS. 

-PLUG  l«L4,PtM  6 
-GuJAYACLT.5UL,L.S. 


-PLUG  N0.4,PIMC 
-PLUG  Wa4.p}0  A 
-PLUG  Na4,prN  E 
-PLUG  WO.  4,  PIN  G 

-  PLuGWO.S.PlN  JC^ 

-  PLUG  was, PIN  L  SMLo!!* 
^PLUG  was, PIN  M, 


^ARDS  ABOVE  MOTOR  CONTROL  CEMTER 


G  KJO.Z 


PLUG  MQ3 


OST.PNL.rSAJV 


applies  to  bleed  blower  uNni 


PLUG  NO  5 


DiST.PNLXs^)f229^ 

SMFCOrr/L) 

290i29i)  . 

SMFC5  (C/L)  - 


4 

(^4«30 


-GHRCB(BA^ 
-m3  (35) 
-SH«:a(c/L) 

-SHRCBCTTL) 
-5HPCB(a/L) 
-Mn3  (3G) 


MT03(22)  -521. 
eHRCB((5«)i5Lj 
MTB3(24)  -512- 
Oisr.  PNL.(VW>^— 


TOP  OF  DISTRIBUTIOKJ  PAMEL-^RECEPTACLE.S 

(VlEOi  PROM  heads') 


(WIRKS  290i29l-»l8m5HUX) 


LEGEWD 


-MT63C«> 

-MTBa(2) 

-MTB2f3)A 
-  PLUG  Na4,  PIN  G 


EHRCB  -  CWGIkE  mouse  RECEPTACLE' 
G5HCB  -  GENERATOR  STRIP  MCaTER  C 
JTBU43-  JUMCTIOK4  &OX  TERMIWAL 
MCCB  -  MAGNETIC  CONTAaOR  ORC 
5HFC&  -  SPACE  HEATER  FRONT  QRCi 
SHRCb.-yACEHEATEP*  REARCIftCt 
S/N  -  ^OUO  NEUTfAAL. 


_Sr  nr3i!5 

^  4(44 

I  o- - PUJGNa2,RN6  j 

I  4744 

Q-  PLUG  uaijPiN  G 


FPLIES  ONLY  TO  U5M 
'-IGI4I, 

*-nio2, 

1-17103 


MOTES : 

L  UNLESS  OTHERUilSE  MCfTED  USE  412- 
la-USE  44AU1G  SISGRAY  lUlRE. 


KEY 

•  ZZZT  (XX) 

\  V— DEaTlNAT 

L...  oesTi  MA.T 

- - uJiRe  isjo. 

— - TCRMINAJ 


1»Mrr  CM  I  MOMKr^xAtiM*  cm 
«tMTVyMOM3l  gcsoMmoM 


989-DF  ' 

4m  MU 


OUtL  FUEL  1500  KW  ! 

CGPMC^  or  ocsi  fm»  fu«i5 


3 


2 


8 


H 


ETBI 


ETBI 


ACia 

ictA  pjMp 
ACtAPtMpLIfO  - 
scAtrtij 
5DfU  (d) 

MT83r6)  -i2J-p 

£U&  ^‘tAT 
AIRCCMP  V*C0etl(’A\~ 


MTB3  f3) 
rrra 


210  r 


“  £.V5.  PQtHEAT  bcLtr,\'i 

'J-ERVIOSTAT 
’-ERMOBTAT 


4250 


PvJEL  •.  ^fcti 

PUEis  .  ^^S3»  j 

=:^L  T?AfciSl%?:C£Liti  O  ^ 
?-j£LTRXVlSELmr.O-^“  I 
FuaiPA'A  £a^fa/L)^ 
<0«lf(6>  4^" 


MTi3no> 

'.r?3(izj 


.  OJ-t-7 


-FTSJf4) 

•  Mr53fl4) 
■  V1T6305) 


AiMAL  CELL  1^2  re^ 
AiMXaLL  Ua2C4.1 

AMaLM-au^rt  J 
AMJULCELLNft3(22 
A*M>lcaL.»*k3f4) 
AiJ4LM.p/acn 

AlMilLP/a(3) 

AIUNU»I.P/a(4> 
AKMH  FB  {  o) 
WNWIF  B  (52 
Lcsajoaio: 
£T32(n 
ET62(2) 

TACHrO 
TACH(2> 


2M  (Ml 


5rt 

520 

ill 

522 

523 

524 

525 
52C 
527 
525 

521 
5H 
422. 


DCJAFlWSOkiLia^Trrs* 

tII. 

PCf6) 

LTi 

til's  /T/?3\ 


•  ClC.LLa£CXPJu4>WR. 
-  Q£.LLa£ca.Pt\¥>wm. 


EiSdzr'l::^: 
R£6.PUJa.5l:PPLrfl)— m  * 
RJELTRANSafRl - 


Kl^yWLU  Ai’TTI-  . . iya.9 

Fij2(T/a)  A  p^ca.PouiERsatfi/notcxO 


m 


BR  rs)  .a  43U 

EUGLSTWfVa(amDK52)^»^ _ “ 


250 


250 


20 


15L 


L50P 

ppELuae  CN  LT.  Cl) 


seftxfTi 

4CUXPU4>5lU.fa/A)  57T^ 
Ew,rr,^ 


ETBiCns^" 


ET8irTd> 


X<AJ55<5‘£. 


^^^STKATPyafrRDKKlV^  Z2 
1  LN&sTART?/aaiD£a<i:^  '* 
*”  SdSTAFTryarBl-DCCKOAii 


“  CL.  PWUER  atf.fr/L  E€CR  I)  ^ 


.  L50P 


START  Sa. 


G5Jjyj3-34. 


DJ&STAi?T  ?yS(M.D£CK23^ 
TDK3> 

TOIfS)  « 

6R  (&i 

0FRr4) 


a 


%iTorru> 

-^?UiGa-PJNI5 
.^LOPS 
LOPS 
-^OTL 
L^OTL 


Z40 

323 

541 

542 


j3-«,to34- 


50«f2) 


■  255 
25R 


EWSiSTCP  f  T/L3 

EJiG.S7t)PfVB  f  a/L) 

scArn 

GCBCB/ft) 

S0R(41 

GCSTTAil 

6CS(a/L3 

. 

-  mrs) 

PC  0  3 

acxo  RMp  suLcevRS 


30 


HJiiTS 
HJUJT5 
GOV.PIMI 
^  PLLG  a*PNfe 
"-^SDRrSl 

5CV.  PWC  «in 
FLUG5-PNI7 
-III*  PUJ6  6-P1NJ4 
.|=f  FLLGO-PtMia 
_  >£§1  LOT 
"  Ig.  GOV.  PIM  Qm 

.  ^t^SL  GOV.  PfW  E  |Dfc 
GOVt  ptM  O  « 

■25.CPP. 

“HL  cccp 

.  272 


♦I6TUL  . 

,  Ort.0.  PR.1 


♦  FutnTu 
1C  FUIT6/L3 
EXaPPEfCATLXCL) 

|3K4).  'tjiiiRT0TR6OR3 
SM]ELD-U»«  Ml  4542 

rrei(aa3 
2COOrjaiRTO(ulHITER>  ^ 
SHU).)jUlRT0ruJ<lTtu3  -==-[ 
SHCLO-UJAE  5434544 
ET5l(d5) 

f  2Ca«lfLCRTOfPEDL3 
5KX^lXR7D(PeoR> 
SMCLD-UllRE  545 15^ 
tT&K443 
2Cnc(u»T0OuwiTE  A) 


c2 


63 


65 


66 


67 


65 


71 


72 


73 


75 


5>4o(lOPTOCuJHiTE  L) 
SKLOMlflPt  541*545 
ETBI  (41) 

f  UIPRESSlTPAIjKC 

♦«Tm.J  ULPRESSTRAWSiC 

SHLD.PR..|  3HC104mRE  531 4540 
_FTBI(23 


40 


B 


CPP 

OCCP 


41 

42 


.S5J3J/JJ'U 


5^ 


43 


7500 


45 


•  fIJUGH'PlM  17 
R.U6M-  Pl)4  5 


*  PLUG  H-  PIM  16 
‘fUJG  H-RN  I 


46 

47" 


■502 

■501 


PLUG  M  -  PIM  2 
PLUG  H*  PlM  IS 


FTBI  (3) 
50«X(O 

S0RX(3) 
SDR  (51 
SOR  (It) 
DPR  (2) 
OPR  (101 
ESS (SI 
655(7) 
REICLl 


lOft 


no 

114 


115  \ 

115 

117 


50 


53 


MT63(25)i]Vi“ 

DPR  (61  If^ 
DFA(7)  ^ 

J4T83f26)  511J" 

AIM5JL  CELLINI  (il  ’ 


56 

57 


AMJUI.C£U.>^|  (2) 
A>MALC£U.MblL 
AMRMCELLJ^utni  '- 


55 


51 


|52L  PUIS  H  -  pivi  1 
"tsSS.  PLUGH-PIU  14 
-R.i:6H-PlN  5 
.aUGH-PlM  7 

.T03(l)- 

L  PLUS  H-PlM  4 
.  PLUG  H>  PIM  2. 
..PLUG  Hr  PIN  a 
pLT03(6). 
pis.  ftuG  h-pim  la 

piL  PLUG  M- PIM  14 
^511  PLUG  H-  PlM  20 
PLUG  H-  PiM  Z\ 


aUPUlR.5UI.(T/LCECX  2)11^ 


T04(61  — 


285 

286 


PE6.PDUIER  5UPPLT(5) 

REGPOUIER  SUPPCr(T) 

SRfll  -gfj 
LOCAL  8ARP/B(T/L\ 
aK(3l 


271 


^ETErf(II)^- 
WJTO  AIR  BAR  SOL. 


HMT53(3I1  — 

»T63(33J^ 
»T83f2*)  — 
T03(51  ^ 
TD3(Z)  ^ 

LM.M/asJiM  _ 

3-J1/GSJ34C _ 

CS3W _ 


45 


15 


(01 


102 


!03 


104 


'06 


107 


)05 


101 


110 


III 


112 


113 


liS 


116 


121 


523 


PLUG  H  -P!M  22 
plug  H-PtM23 
rU*6H-PM  24 
PIU6M-PIM25 
PLL6H-P1M26 
^  PLUGH-PIM  2B 

SSS-  Pas  H-PN  21 
Plus  H'PM  so 
Plug  h*  pw  3i 
plug  m- pin  22 
521  2, 

534 

sir 

275 

276 


Plug  h-p»n  27 
RLUG  H-P'N  10 
PLUG  M-PlM  1 1 
MAGPCKUPCS!'^  liST’J. 


GSM1/J3'1X 


76 


|iI2.  V1A6  PICKUP  ( A  'j  ShLD.  PR. 
200  su£l  SOL. VALVE 


77 


75 


SO 


81 

B2 


53 


55 


.300 
I  3CI 


I4r 


M7B3  (2) 
MT63(I) 
START  SOL. 


GOV.  PLUG  F  X*. 


.  053474 


Uf  GOV.  PLUG  J 
“  FREVJfiEaGScL. 
MT83  (ID  *t 


240 

223 


MT53  (20)  ^ 

MT83  (7) 

PLUGA-PIMA^  ZCCOI 


SHLb.  PAIR 


IzIz-auGA-piNaj  SMLo. 

SHIEU3-!UIR£27542'6  1  4,ftTu, 
^  SHlELO-UJiRE  541 4  542  > 
PLUGA-PtM  Ojacowa 
PLUG  A-  PIN  Ej  ^LO. 

SHCLO’UiAE  543(544  ^ 

ETBI  (41) 

pluga-pwg)  icowo. 
pluga-pnhJ  smld. 

VHCLO.tiiiRE  54S4  546 
ETBI  csai 

,CCW>. 

£hlO. 

SHIELD -UiiftBM7<54d 
ETBI  C17) 

PLUG  A- PIMM 
PLUG  A- PIM  P 
SHlELOUilRE  531i540 
W  ETBI  (141 
^2^MT63(I3) 

JSL  pujcfl-pwzo 


2^  PLU6A-P1MK1  IC 
—  PLUG  A- PIN  LJ  £H 


♦16  TU 
SMJ5.RUR 


122 


tzs 


531 

540 


}= 


iIGTUJ. 

SHLDuPAiR 


PLUG  6*- PIM  21 
PLUG  8- PIN  24 
PUiGB^RM  25 
PLUGS- PIM  22 
PLUG  8- PN  23 
PLUSB-PW  3 
PLUG  a -PlM  4 
..RTM  (+1 


■^>04(41 

—  pRELuae  ac.ca.iALve 
^  Lap  TRAWSDLCERrA^I  -i^lSTia.- 
^  LAP  transducer (0)/  SHlCXPR. 

3aR  RECEPT.ral 

271 


ETBK 

ETBIC 
GIR  (3 
BR(5 


icmul 
FU2  (T 

m  ETBI  (f 
RJ2  (E 


FUKT/ 
FUl  (E/ 


ETB) 

ETB) 

CTB' 

FUl(T/f 
ETBI  (3 
ETBKK 


261 

243 


-  BAR  AIR  SOL. 

AUTO  BAR  SULL(T/L1 


RTM  ^r T :  -TZ 


OOi 

1002 

1003 

1004 


-  GS34D^f#-*0 


PLUS  B,PIN  26 
PLUG  8,PlkJ37 
PLUG  B.PtVi  SB  f 
PLUG  B,PIM  31 J 


SPARES 


PLUG  H,  Pin  13 


352 


Aint) 

(BA- 


PLUGH,P1M  5 


.  GS3IG/S/IS  brrrcrLJ^HT 
.  G53/C/T-21 
GSJ31/L0S-C2 
fi33J14/T-3l 


8 


w 


B-51 


5 

^  "  -4 

"  1 

3 

2  — 

1 

or 

-|Sf1 
-  iZQ 


523 


fKM6  H  -PM  Zl 
PtliG 


T  *21  - 

J  PtW  H-PN  14 
Ptu6M-PJM25 
*  PLU6H-PIM25 
PLUS  H-pftj  ze 
Pu*  M-PN  as 
PLUS  H-PIM  50 
■^PLUG  H-PIM  31 
^i^LptUGM-Pfg  52 

5^ 

534 
53? 


PLUG  H-PIN  27 
•  PlUG  H-PiN  10 


PtUG  H-PiN  M 

^  VUG  PICKUP  ( ^(arjL 

wuGPtCHUP  CA'JShUXP??. 
PUEL50L.  VALVE 
v<TB3  (1) 

MTB3(I) 

BTAPT  SOL, - 063474 


276 

300 

u3£L 

rsT 


GOV.  PLUG  F  «* 
GOV.  PLUS  J  A-A^ 
FPeiuB£ac.sx- 
MTea  OS)  « 


2»3 
I  24> 
240 
!323 
54t 
542 


MT63  (20^  St 
MTB3  f7) 

2<e«o.l 

PLUGA-RMaJ  SHLO.  I 

^SHl£LO-UilR£  2?5<a:€ 
^rr-  SHi£LD-UJlR£  SSI  4542 

—  PLUSA-PfU  oj^CONa 
F\MS  A-  PM  E  J  ^0- 

- - BHCiO-UtAE  543  «  544- 

— tTBir^ii) 
^PujGA-ptMG)  :cowa  ^ 

- fUMA-PMHj  5HL0.  ‘ 

- SHIClD-iiliM.  5454  544 

- &T&lCd83 

^puj6a-pimk\  :ccwo. 

—  Pta)«  A- PM  LJ  5W.0. 

- SWta-UliAe  5474  5<® 

5^  era.  (rt) 

^PlUS  A-PMM 
^  PUIS  A-PIM  P 
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Natural  Gas  power  from  EMD  engines 
Technical  buUetin  05-001  2/  7/96  Pg  1  of  1 


Subject  :  Special  tools  used  on  natural  gas  converted  engine  systems 
File  name:  TBTOOL.DOC 

ECI  has  worked  to  keq)  the  required  special  tools  to  a  minimuni.  There  are  several  tools 
that  are  required  for  proper  servicing  and  operation  of  the  converted  engine.  At  the  bottom  is  a 
short  list  of  tools  that  are  not  supplied  by  ECI. 

Rack  Measuring  Tool  p/n  05-0130:  This  required  tool  is  needed  to  properly  set  the 
level  of  diesel  pilot  fuel.  Code  named  boomerang.  This  tool  is  not  designed  to  come  back  if  you 

throw  it  real  hard.  The  boomerang  has  a  detachable  standard  that  is  used  to  calibrate  it.  The 

standard  is  available  separately  if  lost  or  misplaced,  p/n  05-0 132 

GIV  port  brush  p/n  05-01 12:  Not  required,  but  useful.  This  bottle  cleaning  brush 
works  well  for  cleaning  out  the  oil  and  small  debris  that  may  be  left  in  the  hole  where  the  Gas  Inlet 
Valve  fits  into  the  cylinder  head.  If  there  is  heavy  buildup  from  a  leaking  seal  washer  this  brush 
won’t  help .  You  will  need  a  ream.  ECI  can  supply  a  modified  ream  that  will  scrape  clean  the 
surface  where  the  seal  washer  sets  too.  p/n  05-0 113 

GIV  removal  and  installation  tools:  1/4”  drive  -  7/32”  hex  driver,  6”  long  1/4”  wobble 
extension,  1/4”  to  3/8”  drive  adapter  and  a  torque  wrench  that  can  indicate  torque  at  22  Ft.  Lbs.  is 
needed  for  Gas  Inlet  Valve  installation.  Snap-Qn  part  numbers  indicated  in  the  table  below. 


GTMA7 

Hex  wrench  for  GIV  crab  bolts 

GTMXWeO 

Extension  1/4"  wobble  6"  long 

GTMA1 

1/4"-  3/8"  adapter 

GSCO40 

Gas  line  crows  foot  1  1  /4’’  1  /2  drive 

Pressure  gauge:  0-160  PSI  hand  held  gauge  with  adapter  fitting  for  quick 
connect/disconnect 

Adapter  fitting:  for  installation  to  relief  valve,  allowing  measurement  of 
conq)ression  or  combustion  pressure  using  standard  Kein  indicating  gauge. 

Useful  tools  not  normally  supplied  by  ECI: 

A  pump  spray  bottle  for  searching  out  pipe  leaks  using  soapy  water. 

3/16  lead  wire  for  taking  Piston  to  head  clearance  (available  from  EMD) 
Torque  wrench,  3/8”  drive  15-75  Ft.  Lbs.  (Snap  On  #  QIFR275E) 
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Natural  Gas  power  from  EMD  engines 
Technical  bulletin  20-001  2/6/96  Pg.lofS 


Subject :  Injector  settings  and  adjustments  for  ECI  converted  dual  fuel  engines  in  stationary 
power  applications.  Page  1  of  3 
File  Name;  TBINJECT.DOC 


Use  the  special  ECI  tool  to  measure 
the  rack  lengths.  It  is  designed  to  better  fit 
the  tight  areas  of  the  injector  rack  and  to 
measure  the  longer  rack  positions. 

For  initial  setup  of  the  racks  after  kit 
installation  and  any  time  that  the  engine 
governor  is  changed  or  if  significant  linkage 
service  is  performed  start  at  step  number  1. 
If  a  routine  adjustment  is  to  be  performed  or 
inspections  are  to  be  made  start  at  step  5. 

A  simplified  description  of  the  steps 
taken  to  adjust  pilot  fuel  is  to  first  make  an 
initial  adjustment  of  injector  rack  to 
governor  position,  (injector  to  governor 
relationship).  Next  make  an  adjustment  the 
pilot  stop  adjustment  screw  and  third  set  the 
injector  racks. 

Standard  settings  for  injectors  are 
dependent  on  the  part  number  of  the  injector 
applied  to  the  converted  engine.  The 
5229335  injector  -will  operate  well  at  a 
injector  rack  setting  of  1.870”  the  5229250 


injector  will  operate  better  set  at  1.830” 
Testing  has  shown  that  when  Roots  engine 
injectors  are  installed  into  Turbocharged 
engines  they  can  provide  a  reduced  pilot  fuel 
consumption.  However  there  are  other 
variables  that  can  affect  the  combustion  of 
pilot  fuel  to  the  level  that  increased  rack 
settings  are  required.  Efficient  air  after¬ 
cooling  and  large  load  changes  create  a 
potential  for  misfire.  To  avoid  misfire  the 
pilot  fiiel  must  be  increased.  The  rack 
setting  value  for  turbocharged  natural  gas 
engines  using  injector  part  number  5229200 
will  vary  depending  on  the  type  of  air  after 
cooling  equipment  used  and  the  type  of  duty 
cycle  that  the  engine  is  normally  operated. 
Additionally  due  to  manufacturing 
tolerances,  rack  adjustment  should  be  done 
when  the  injector  racks  are  at  the  pilot  fuel 
level. 

The  table  indicates  expected  rack  settings 
for  different  operations 


Load  swing 

After  Cooling 

Rack  Setting 

Tool  standard  length 

1.870” 

Low  to  Mediiim 

Enhanced 

1.830” 

Navy  MUSE 

Low  to  medixun 

Extended 

1.800 

High 

Extended 

1.780” 

Rig  801 

The  detailed  procedure  for  proper 
injector  setting  is  as  follows. 

1 .  Make  certain  that  air  pressure  is 
available  to  the  gas  control  system  and  turn  the 
gas  supply  off. 
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2.  Install  a  govemorjack  and  adjust  it 
to  hold  the  governor  and  injector  racks  to  the 
full  fuel  position.  Pay  attention  to  the 
possibility  that  one  or  more  injectors  links 
maybe  to  short  and  bottoming  out  on  the 
injector.  This  would  cause  adjustment  errors. 
Extend  the  adjustment  of  any  cylinder  if  this  is 
the  case,  insuring  that  the  governor  is  free  to  go 
to  its  full  fuel  stop. 

3.  Set  up  the  rack  tool  so  it  indicates 
zero  with  the  0.625”  standard  (the  short  end) 
On  two  of  the  cylinders,  one  on  each  bank 
(easiest  if  it  is  the  first  cylinder  on  the  bank) 
adjust  the  racks  to  0.625”. 

4.  Remove  the  governor  jack  and  set 
the  fuel  limit  knob  on  the  governor  to  the  no 
fuel  position. 

5.  Press  the  buttons  on  the  gas  system 
diagnostic  screen,  Alt  +  Page  Down.  This 
will  put  air  pressure  on  the  pilot  stop  ram.  (If 
gas  pressure  over  25  psi  is  detected  by  the  ECU 
it  will  not  put  air  pressure  on  the  system.  It 
may  be  necessary  to  manually  bleed  off  some 
of  the  gas  pressure  to  allow  the  adjustment. 

This  is  conveniently  done  at  the  point  where  the 
gas  pressure  test  point  is  located.) 

6.  Calibrate  the  rack  tool  to  zero  on  the 
long  side  of  the  standard,  (see  notes  on  using 
the  rack  tool) 

7.  Measure  the  injector  racks  of  the 
injectors  that  were  set  to  0.625”  make 
adjustments  as  necessary  to  the  pilot  stop  ram 
screw  so  that  the  injectors  you  previously  set  at 
the  0.625”  setting  are  very  near  the  tools  setting 
with  the  standard.  (Y ou  may  find  that  the 
injectors  are  not  equal.  One  rack  may  be  longer 
than  the  proper  setting  and  one  may  be  shorter. 
In  this  case  split  the  difference).  Now  you  are 
done  making  adjustments  to  the  pilot  stop 
adjusting  screw. 

8.  Set  all  of  the  injectors  to  the  proper 
pilot  fuel  setting  as  indicated  in  the  above 
tables,  (including  the  two  used  for  governor  to 
injector  relationship)  Accuracy  is  critical  to 
insure  proper  gas  operation. 


9.  Return  the  fuel  limit  knob  on  the 
governor  to  the  max  fuel  position 

1 0.  Press  a  button  on  the  ECU  screen 
to  deactivate  the  pilot  stop  test. 

1 1 .  Open  the  gas  supply  manual  valve. 

Notes  on  using  the  ECI  rack  measuring  tool 

The  ECI  rack  tool  is  used  to  measure 
the  length  of  the  diesel  injector  racks  for  the 
purpose  of  adjusting  and  setting  the  diesel 
injectors  for  proper  dual  fuel  operation.  It  is 
designed  to  fit  the  tight  areas  of  the  injector 
rack  area  and  to  measure  the  long  rack 
positions. 

Prior  to  taking  measurements  the  tools 
calibration  should  be  checked.  Hold  the 
standard  in  place  and  set  the  dial  to  zero.  You 
may  find  this  a  little  difficult.  By  using  your 
thumb  you  can  move  the  tools  lever  and  lessen 
the  force  from  the  spring  on  the  standard. 

After  you  have  made  adjustments  to  the  tool 
and  rechecked  them  you  are  ready  to  measure 
the  prepared  engine  injector  racks. 

The  indicator  on  the  rack  measuring 
tool  reads  1/2  of  the  actual  rack  deviation 
because  of  the  lever  to  pivot  ratio.  The 
adjusted  rack  length  change  is  twice  the  reading 
of  the  indicator  scale  (2:1  ratio).  For  an 
example,  a  rack  adjustment  of  0.020”  would 
only  indicate  a  0.010”  on  the  dial. 

Careful  attention  should  be  taken  when 
using  the  standard  and  to  acknowledge  what  the 
standard  is.  The  most  common  supplied  is 
machined  to  1.870”  however  for  known 
applications  such  as  Rig  801  a  standard  of 
1 .780”  has  been  supplied.  If  you  are  trying  to 
set  the  racks  at  a  level  that  is  different  than  the 
standard  you  do  the  math  to  determine  what  is 
the  setpoint  you  are  aiming  for  on  the  indicator 
dial.  For  example,  if  the  proper  rack  setting  is 
1.830”  and  your  standard  is  1 .870”,  (0.040” 
difference)  the  normal  procedure  would  be  to 
zero  the  indicator  with  the  standard.  Then 
adjust  the  rack  linkage  to  the  setting  that  is  - 
0.020”  from  the  zero.  Refer  to  the  engravings 
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determine  if  you  have  a  special  standard. 
**special  note**  Pay  attention  to  the  small 
indicator  pointer  as  well  so  you  don’t 
inadvertently  make  settings  that  are  off  by 
0.200”. 

Injector  Timing 

Injector  timing  is  independent  of  the 
rack  setting.  Different  injector  types  are  set  at 
different  flywheel  degree  points. _ 


Injector  part  # 

Timing  degrees 

5229200 

4  Deg  BTDC 

5229250 

4  Deg.ATDC 

5229335 

0  Deg.  BTDC 

Certain  applications  may  allow  adjustments  to 
this  setting,  depending  on  gas  quality,  engine 
load  and  turbo  after  cooling,  advanced  or 
retarded  timing  may  be  desired.  Always  start 
with  the  standard  setting.  If  gas  content  is 
largely  methane  “>92%”  and  the  after  cooler 
system  is  optimized  then  advanced  timing 
could  provide  greater  thermal  efficiency  in  both 
the  diesel  and  the  gas  modes  of  operation.  On 
the  other  hand  if  gas  quality  is  low  and  air  box 
temperatures  are  high  a  reduced  timing  may  be 
necessary  to  avoid  the  lifting  of  the  cylinder 
relief  valves.  The  maximum  advance  setting 
for  the  timing  on  these  injectors  is  8  degrees 
BTDC.  Consult  ECI  before  attempting  to 
adjust  and  operate  an  engine  at  this  level.  If  an 
over  advance  setting  is  made  to  the  cylinder  the 
rocker  movement  will  be  greater  than  the 
movement  of  the  injector  and  damage  to  the 
camshaft,  rocker,  injector  and  cylinder  head 
will  occur.  Potentially  requiring  the 
replacement  of  all  of  these  components 
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Natural  Gas  power  from  EMD  engines 
Technical  bulletin  20-002  3/5/96  Pg.  1  of  2 


Subject :  Injector  calibration  for  dual  fuel  converted  engines 
Filename:  tbinjcaLdoc 

Explanation;  Injectors  used  on  engines  converted  to  operate  dual  fuel  differ  only  in  there 
calibration.  The  diesel  injectors  contain  all  the  same  parts  as  the  standard  injectors.  There 
have  been  three  different  part  number  injectors  used  in  Dual  Fuel  operation  to  date. 
5229335,  5229250  and  5229200.  Normally  these  injectors  are  calibrated  on  a  test  stand 
with  a  rack  length  of  exactly  7/8",  stroked  a  number  of  times  (300  or  400)  and  adjusted  to 
match  a  calibration  standard.  For  optimum  dual  fuel  operation  and  balance,  the  injectors 
are  calibrated  at  there  pilot  fuel  setting. 

The  explanation  given  here  assumes  that  the  person  doing  injector  calibration  is 
already  knowledgeable  about  operating  the  calibration  machine. 

The  injector  is  now  calibrated  at  a  rack  len^  of  1 .880"  it  is  then  stroked  a  number 
of  times  dependent  on  injector  part  number.  The  injector  rack  slide  is  then  adjusted  so  the 
injector  delivers  the  proper  level  of  fuel.  The  fuel  feed  pressure  should  be  kept  between  30 
andSOpsi.  The  speed  should  be  kept  between  880  and  910  RPM.  To  hold  the  injector 
rack  to  the  new  (longer)  position  of  1.880”  a  simple  extension  should  be  added  to  the 
standard  rack  holding  fixture.  This  extension  can  be  obtained  from  ECI.  After  installation 
of  the  extension  check  the  setting  with  a  depth  mic  and  make  adjustments  if  necessary. 

Insert  the  injector  rack  into  the  holding  fixture.  Because  the  rack  is  at  its  long 
position  it  is  more  difficult  to  seat  it  into  the  holder.  By  using  a  short  push  rod  at  the  back 
of  the  injector  rack  it  is  easy  to  force  the  rack  into  the  holding  fixture.  By  performing 
adjustments  you  will  find  that  some  injectors  are  very  sensitive  and  that  a  small  fraction  of  a 
turn  on  the  adjustment  screw  can  make  a  fairly  large  difference. 

Table  20-1 


Injector  type 

number  of  strokes 

number  of  CC’s 

5229200 

1600 

45-55 

5229250 

1600 

65-75 

5229335 

800 

45-55 

The  time  for  tests  on  injectors  are  longer  due  to  the  number  of  strokes.  There  are 
alternate  methods  of  running  the  tests  because  of  the  low  amount  of  fuel  pumped. 

Especially  useful  on  the  5229200  injectors  you  can  set  the  test  stand  to  run  manual  so  as  not 
to  shut  off  at  the  time  the  counter  is  reached.  Preliminary  adjustments  and  inspections  can 
be  performed  on  fewer  strokes.  After  you  have  fuel  to  a  level  that  is  visible  in  the  column, 
note  that  level.  Start  the  test  and  measure  just  the  amount  of  change  in  level.  You  can 
run  several  of  these  tests  back  to  back  before  draining  the  columns.  When  you  think  you 
have  the  level  set  then  nm  a  standard  test. 


It  may  be  desirable  to  run  a  standard  test  on  the  injectors  after  they  have  been 
calibrated  at  the  pilot  fuel  level  just  to  note  the  level  of  shift  in  the  delivery.  If  desired  you 
can  use  the  table  supplied  to  record  the  variables  associated  with  injector  performance. 


Injector  calibration  record  sheet  Date 


RECOMMENDED  SPARE  PARTS  LIST 


DUAL  FUEL  DIESEL  ENGINE 


Item 

Descriotion 

Park  Number 

Manufacturer 

Qtv 

001 

Piston 

10-1002 

ECl 

4 

002 

Piston  Rings 

10-1004 

Kaydon 

4 

003 

Cylinder  Head 

10-1005 

ECl 

4 

004 

Cylinder  Relief  Valve 

10-1020 

ECl 

4 

005 

Air  Cylinder.  Diesel  Cont 

20-1110 

BW 

1 

006 

Gas  Inlet  Valve  Assy 

35-1402 

ECl 

4 

007 

Filter,  Gas  Inlet  Valve 

P-18 

Aeroquip 

16 

008 

Gasket.  GIV  to  Head 

35-1438 

PHO 

10 

009 

Exhaust  Temp.  Sensor 

XX50-1740 

Alnor 

4 

010 

Flywheel  Pickup 

50-1728 

Dynalco 

3 

oil 

Control  Air  Press.  Sen. 

Gas  Hdr.  Press.  Sensor 
Gas  Pressure  Transmitter 

50-1700 

Foxboro 

1 

012 

Water  Temp.  Sensor 

Air  Temp.  Sensor 

Gas  Temp.  Sensor 

50-1715 

ECl 

1 

013 

Air  Box  Press.  Sensor 

50-1705 

Foxboro 

1 

014 

Exhaust  Temp.  Sensor 

XX50-1740 

Alnor 

4 

015 

D.  P.  Transmitter 

50-2021 

SMAR 

1 

016 

Power  Supply,  ECU 

60-1996 

ECl 

1 

017 

Input  Isolation  Relay 

MIAC5 

Gordos 

10 
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Item 

DescriDtion 

Park  Number 

Manufacturer 

Qtv 

018 

Ouput  Isolation  Relay 

MODC5MA 

Gordos 

10 

019 

Cooling  Air  Filter,  ECU 

PA-2002 

Solberg 

5 

020 

Switch,  VTS 

80-231 1 

Fenwal 

3 

021 

Gas  Cut  Off  Valve 

Main  Gas  Shut  Off  Valve 

90-2608 

Sealco 

1 

022 

Rebuild  Kit,  GCOV, 
MGSOV 

3 

023 

Gasket,  Gas  Supply 

Piping 

90-2669 

FNW 

5 

024 

O’Ring,  Gas  Hdr. 

VI 37 

Eriks 

4 

025 

Gasket,  Load  Block 

90-2418 
(Modified  Style) 

ECl 

20 

026 

O’Ring 

230 

Eriks 

2 

027 

O’Ring 

238 

Eriks 

20 

028 

Gas  Hose  Assembly 

90-2515 

ECl 

4 

029 

Fitting,  GIV  Air  w/Filter 

35-1470 

ECl 

5 

030 

Magnet  Valve 

816-L  1 

Graham  White 

1 

031 

Gasket,  Magnet  Valve 

1702 

Graham  White 

1 

032 

Press  Control  Valve 

VEP-321 

Air 

1 

033 

Diode 

8421017 

EMD 

4 

034 

Shuttle  Valve 

SV-10-B 

ARO 

2 

035 

Starting  Fuel  Canister 

020-020 

KBI 

2 

036 

Hose,  Air  Control 

FC-300-4 

Aeroquip 

50  ft 

037 

Hose,  GCOV  to  GFCV 

90-2644 

ECl 

1 

N47408-94-D-1038,  DO-011.  A002 
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Item 

Description 

Park  Number 

Manufacturer 

Qtv 

038 

Lead  Wire,  3/16” 

8245511 

EMD 

2 
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Problem  Area/I ndicatlon  Possible  cause  Recommended  check  or  corrective  action 


Troubleshooting-  Stationary  Power 
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Problem  Area/Indication  Possible  cause  Recommended  check  or  corrective  action 


Troubleshooting-  Stationary  Power 
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Problem  Area/Indication  Possible  cause  Recommended  check  or  corrective  action 


Troubleshooting-  Stationary  Power 
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lem  remains,  replace  the  AT  board  in  the  ECU. 


Problem  Area/Indication  I  Possible  cause  I  Recommended  check  or  corrective  action 


Troubleshooting-  Stationary  Power 
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Problem  Area/Indication  Possible  cause  Recommended  check  or  corrective  action 


Troubleshooting-  Stationary  Power 


Trouble  Shoothg^G 


Ed  Conversion  Maintenance  Supplement  ©  1996  Energy  Conversions,  Inc. 
C-16 


Plugged  air  filler  or  other  control  air  flow  restrictions  If  the  pressure  is  good  when  there  is  no  air  being  used 

(i.e.,  during  diesel  only  operation),  but  the  pressure  drops 


Troubleshooting-  Stationary  Power 
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Problem  Area/Indication  Possible  cause  Recommended  check  or  corrective  action 


Troubleshooting-  Stationary  Power 
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Blown  fuse  A  blown  fuse  probably  indicates  a  bad  power  module  on 

the  power  supply  board.  Replace  the  power  supply  board 
if  a  new  fuse  blows  again  immediately.  Shorted  outputs  of 
the  power  modules  may  blow  the  input  fuse.  Inspect  for 
damaged  wires  and  possible  short  circuits. 


Troubleshooting-  Stationary  Power 


Problem  Area/Indication  I  Possible  cause  |  Recommended  check  or  corrective  action 


Troubleshooting-  Stationary  Power 
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Differential  pressure  Differential  pressure  sensor  is  out  of  calibration  Follow  the  procedures  for  calibration  of  the  DP  sensor  on 

page  H-3. 


